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[0001] The present invention relates to a method and apparatus for making multilayer injection-molded plastic articles 
such as preforms, wherein the successive molding of an inner sleeve and outer layer enables cost-effective production 
of multilayer preforms for pasteurizable. hot-fillable, and returnable and refillable beverage containers 
[00021 There is described in US-A- 4,609,516 to Krishnakumar et al. a method for forming multilayer preforms in a 
^ngle mjecuon mo.d cav,ty. In that method, successive injections of different thermoplastic materials a'e made into 
the bottom of the mold cav.ty. The materials flow upwardly to fill the cavity and form for example a five-layer structure 

m^l^-t ""f f r' ayer Stn,C,Ure Ca " be made Wi,h either ^ materia,s < ie - the first ^d third injected 
materials are the same) or three materials (i.e.. the first and third injected materials are different). Both structures are' 
in widespread commercial use for beverage and other food containers. ■ 
[0003] An example of a two-material, five-layer (2M. 5L) structure has inner, outer and core layers of virgin potveth- 
ylene terephthalate (PET), and intermediate barrier layers of ethy.ene vinyl a.coho. (EVOH). An example of a tret 
materia., five-layer (3M. 5L) structure has inner and outer layers of virgin PET. intermediate barrier S£ JST 
and a core ayer of recycled or post-consumer polyethylene terephthalate (PC-PET). Two reasons for the commercial 
success of these containers are that: (1) the amount of relatives expense barrier materia 

useSaT intemiediate ' ayerS; and (2) 0,6 COntainer resists oelamination^nne layers wlhout the 

use of adhesives to bond the dissimilar materials. Also, by utilizing PC-PET in the core layer, the cost ofeacfTcontainer 
can be reduced without a significant change in performance. container 
w TL TT h ab ° Ve fiVe "' ayer ' and ° ther lhree - ,a y er (^e for example US-A-4,923,723) structures work well 
I Z V 35 additi ° nal "^^ance ^d expensive materials beco-me available thereTs an on 

going need for processes which enable close control over the amount of materials used in a given conteJuM £Z2 
For example, polyethylene naphthalate (PEN) is a desirable polyester for use in blow-molded cortSSTS E an 
oxygen barner capabihty about five times that of PET. and a higher heat stability temperature - about Su^F (12o4) 
for PEN. compared to about 175'F (80°C) for PET. These properties make PEN useful for the storage of oxvoen 
sens,t,ve products (e.g.. food, cosmetics, and pharmaceuticals), and/or for use in contained 7£2^££Z 
tores (e.g.. re fi„ or hot-fi.l containers). However. PEN is substantially more expensive than PET and £ oXent 
processmg requ,rements: Thus, at present the commercial use of PEN is limited 

emoeratu're 0 ^ h !S , - ,empera ' U , re ap P , , ica,ion is Pasteurization - a pasteurizable container is filled and sealed at room 
r\t P ° Sed t0 a " e ' eVa,ed ,em P erature bath for about ten minutes or longer. The pasteurizaZ 

ava^ 

finishm^ aP f P r f ranCe ' Withi " 3 deSi9na,ed V ° ,Ume t0lerance - and without 'aakage. In particular, the thr^dnTcK 
finish must resist deformation which would prevent a complete seal mreaded neck 

5 aZL a ? m T ber , 0f meth ° dS h3Ve bee " Pr ° P0Sed f ° r s,re "9thening the neck finish. One approach is to add an 
additional manufactunng step whereby the neck finish, of the preform or container, is exposed to a heafino etem^ 

%!!2. ^ alterna ! iV n e metnod of lengthening the neck finish is to crystallize select portions thereof such as the too 
matSr T A93in ' thfe reqUir6S a " additfona ' heati "9 ste P- A "°*e alternates ■ to use a high T 

apparatuL °" " ^ **** " ^ ™ ^ ™° Action mofding ^ procedures and 

S h 0 nL ThUS ' * W ° Uld be deSirab ' e to pTOVide an in ieetion-molded article such as a preform which incorporates certain 
[0009] FR-A-2538297 to Aok. descnbes a two-step molding process, wherein a full-length inner sleeve of PFT 

.s disposed above that portion of the rotating platen which is in line with the stopping S^lS^J^JS 

Zi 1 ta oKSs: srr "r* r of ,he neck mo,ds H is 

i nil m «M t0 Bon,s descnb es a two-step molding process, wherein a full-length inner sleeve is formed in 

a fir,, mo,d,ng step on a first core, and the core and sleeve are transferred to a second cavity where aZ^ 0 2 
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layer is molded over the sleeve. 

[001 1] JP-5-73568 to Mitsubishi describes a two-step molding process, wherein a full-length inner sleeve of PET is 
formed at a first molding step on a first core, and the core and sleeve are transferred to a second cavity where a full- 
length outer layer of a mixture of PET and gas barrier resin is molded over the sleeve. Mitsubishi describes a specific 
5 process having a very long processing time, i.e., the inner layer is formed of a high copolymer which is processed for 
30 minutes in order to increase the density. The outer layer includes a gas barrier polymer mixed with PET in order to 
improve the adhesion with the inner PET layer. 

10012] The present invention is directed to a method and apparatus for making a multilayer injection-molded plastic 
article, such as a preform, which is both cost-effective and enables control over the amounts of materials used in the 
w various layers and/or portions of the article. 

[001 3] The present invention accordingly provides a method of reducing the inner layer thickness and improving the 
layer adhesion in a multiplayer injection-molded plastic article, the method comprsing: 

molding an inner sleeve layer between a first mold cavity and core, the first mold cavity being heated to maintain 
an outer surface of the inner sleeve layer at an elevated temperature; 

transferring the core and sleeve layer to a second mold cavity and molding an outer layer over the sleeve layer 
while the outer surface is at the elevated temperature, the outer layer having a thickness greater than the thickness 
of the inner sleeve layer, where the elevated temperature is selected to provide melt adhesion between the inner 
sleeve and the outer layer during the second molding step. 

[0014] According to a method/embodiment of the invention, an inner sleeve is molded~on a first core positioned in 
a first mold cavity. The inner sleeve is only partially cooled before being transferred while still at an elevated temperature 
to a second mold cavity where an outer layer is molded over the inner sleeve. By providing the inner sleeve in the 
second mold cavity at the elevated temperature, bonding between the inner sleeve and outer layer is enabled durinq 
the second molding step, such that layer separation is avoided in the final molded article. The inner sleeve may comprise 
a full-length inner sleeve, extending substantially the full length of the article, or alternatively may comprise only an 
upper porfion of the article, in which case the outer layer comprises a lower portion of the article and there is some 
intermediate portion in which the outer layer is bonded to the inner sleeve. 

[0015] In one embodiment, a first thermoplastic material is used to make an inner sleeve which comprises a neck 
finish portion of the preform. The first thermoplastic material is preferably a thermal resistant material having a relatively 
high T g , and/or forms a crystallized neck finish during the first molding step. In contrast, a lower body portion of the 
preform is made of a second thermoplastic material having a relatively lower thermal resistance and/or lower crystal- 
hzation rate compared to the first material, and forms a substantially amorphous body-forming portion of the preform 
In one example, by achieving crystallization in the neck finish during the first molding step, the initial and finish dimen- 
sions are the same so that the dimensional variations caused by the prior art post-molding crystallization step (and the 
expense thereof are elimmated. Also, a higher average level of crystallization can be achieved in the finish, by utilizing 
the higher melt temperatures and/or elevated pressures of the molding process 

'""I 61 o'^m K° lher embodiment ' a full -'e"9th body sleeve is provided made of a high-performance thermoplastic resin 
such as PEN homopolymer. copolymer or blend. The PEN innersleeve provides enhanced thermal stability and reduced 
flavor absorption, both of which are useful in refill applications. The amount of PEN used is minimized by this process 
which enables production of a very thin inner sleeve layer, compared to a relatively thick outer layer (made of one or 
more lower-performance resins). 

In^H ^° ,her aSp6Ct ° f ,he invention is an apparatus for the cost-effective manufacture of such preforms 
He artLJcomSg nVen,i ° n aCC ° rdin9 ' y Pr ° VideS a " a PP aratus for maki "9 multiplayer injection-molded plas- 

a first mold cavity set and a second mold cavity set. each first cavity being adapted to form an inner sleeve layer 

tnlckrefs TZ^ZZ^Z^. * ^ " ^ ** ^ * ^ *° 

a transfer mechanism with first and second core sets for successively positioning the first and second core sets 
in the first and second cavity sets; 

wherein the first core set is positionable in the first cavity set for molding a set of inner sleeve layers on the first 
core set. while the second core set is positionable in the second cavity set for molding, over a previously-molded 
set of inner sleeve layers on the second core set, a second set of outer layers- and 

means for heating the first cavity set so as to maintain an outer surface of the inner sleeve layer at an elevated 
temperature during transfer and molding of the outer layer thereover, the elevated temperature being selected to 
provide melt adhesion between the inner sleeve and outer layer. 
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It ^^XSS T m ° ,d ' d3Pted t0 form 0Uter A mechanism includes 

t^STS C ° reS * 6rein ^ SUCCessive »y Positionable in the first and second 
!^ rZTh J* ' 3 St ^ 15 P° sitioned in a ^ mold cavity while a first inner sleeve is molded on the 

to^^JL^^ Canyh9 3 pre ^- oWed second inner sleeve, is positioned in a se^Tca^ 
12^^ ° U ri ^ ,a R yer T ^ SeC ° nd ^ S,eeVe * B * ^^aneousty molding in two sets of 

a) for an inner sleeve of PEN polymer material and an outer layer of PET polymer material 



first molding step: 


range (on the order of) 


core temperature 
mold cavity temperature 
melt temperature 
cycle time 

outer surface temperature of sleeve 


5-80°C 
— 40-120°C 
275-310°C 
4-8 seconds 
60-1 20°C 


second molding step: 




core temperature 
mold cavity temperature 
cycle time 
pressure 


s-sox 

5-60°C 
20-50 seconds 

55 x 106 - 103 x 10 6 N/m2 (8000-15,000 psi) 



b) for an inner sfeeve of crystalHzed polyester materia, and an outer >ayer of PET potymer materia. 



first molding step: 


range (on the order of) 


core temperature 
mold cavity temperature 
melt, temperature 
cycle time 

outer surface temperature of sleeve 


5-60°C 
80-1 50°C 
270-31 0°C 
5-8 seconds 
80-140°C 


second molding step: 




core temperature 
mold cavity temperature 
cycle time 
pressure 


5-60°C 
S-60°C 
20-35 seconds 

55 x 106 - 103 x 10 6 N/m* (8000-15,000 psi) 
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Fig. 3 is a time line showing the sequence of operations for the molding apparatus of Fig. 2; 
♦ Fig. 4A is a front elevational view of a returnable and refillable container, partially in section, made from the preform 
of Fig. 1 D, and Fig. 4B is an enlarged fragmentary cross-section of the container sidewall taken along the line 4B- 
4BofFig.4A; 

Figs. 5A-5D are schematic illustrations of a second method embodiment of the present invention for making a 
preform having a finish only sleeve and a multilayer outer layer; 

Figs. 6A-6D are schematic illustrations of an injection-molding apparatus and sequence of operations for making 
a preform such as that shown in Fig. 5D, wherein the transfer mechanism is a reciprocating shuttle; Fig. 6A shows 
the shuttle in a first closed position in first and second mold cavities; Fig. 6B shows the shuttle in a second open 
position after retraction from the first and second mold cavities; Fig. 6C shows the shuttle in a second open position 
beneath the second and third mold cavities; and Fig. 6D shows the shuttle in a fourth closed position in the second 
and third mold cavities; 

Fig. 7 is a time line of the sequence, of operations shown in Fig. 6; 

Fig. 8A is a cross-sectional view of a third preform embodiment of the present invention having a full-thickness 
neck sleeve and multilayer body portion, and Fig. 8B is an enlarged fragmentary view of the neck finish of the 
preform of Fig. 8 A; 

Fig. 9A is a front elevational view of a hot-fill container made from the preform of Fig. 8A, and Fig. 9B is a fragmentary 
cross-section of the container sidewall taken along line 9B-9B of Fig. 9A; 

Fig. 10 is a cross-sectional view of a fourth preform embodiment of the present invention, having a full-length body 
sleeve and multilayer outer layer; 

Fig. 1 1 is a cross-sectional view of a fifth preform embodiment of the present invention", including a full-length body 
sleeve and an extra outer base layer; 

Fig. 12 is a cross-sectional view of a sixth preform embodiment of the present invention, having a finish sleeve 
and a single layer outer layer; 

Figs. 13A and 13B are graphs showing the change in melting temperature (MP) and orientation temperature (T ) 
for various PEN/PET compositions; and 9 
Fig. 14 is a schematic illustration of a three-station reheating apparatus, including IR heating stations A and C and 
RF heating station B. 

First Preform Embodiment (refillable water) 

[0023] Figs. 1A-1D illustrate schematically one method embodiment for making a preform with a full-length body 
sleeve and a single outer layer; this preform is particularly useful for making a returnable and refillable water bottle. 
Fig. 1A shows a first core 9 positioned in a first mold cavity 11, and forming a chamber therebetween in which there 
is formed an injection-molded inner sleeve 20. The sleeve 20 is partially cooled arid then the core 9 carrying sleeve 
20 is removed from the first mold cavity as shown in Fig. 1B. While still warm, the sleeve 20 on core 9 is inserted into 
a second mold cavity 12 which forms an interior molding chamber for forming an outer layer 22 over the inner sleeve 
20. After the second molding step, a preform 30 has been formed including outer layer 22 and inner sleeve 20 as 
shown in Fig. 1D. The inner sleeve includes a top flange 21 which will form the top sealing surface of the resulting 
container (see Fig. 4). 

[0024] The first method embodiment will now be described in greater detail in regard to the apparatus shown in Figs. 
2A-2B, and a time sequence of operations illustrated in the time line of Fig. 3. 

[0025] As shown in Figs. 2A-2B, a four-sided rotatable turret 2 is interposed between a fixed platen 3 and a movable 
platen 4 on an injection-molding machine. The turret 2 is mounted on a carriage 5 which is slidable in the direction of 
platen motion (shown by arrows A 1 and A 2 ). The turret 2 is rotatable (shown by arrow A 3 ) about an axis 6 disposed 
perpendicular to the direction of platen motion. The turret is rotatable into two operative positions spaced 180° apart. 
In each of these positions, the two opposing faces 7, 8 of the turret carrying first and second sets of cores 9, 10 
respectively, are received in a first set of cavities 11 on the movable platen 4, and a second set of cavities 12 on the 
fixed platen 3. After a core set has been successfully positioned in each of the mold cavities, the finished preforms 
may be ejected from the cores. Each of the mold cavity and core sets include water passages 15 for heating or cooling 
of the cavities/cores to achieve a desired temperature during molding. 

[0026] The sequence of operations for forming a particular preform will now be described. The preform has a full- 
body sleeve of a PEN polymer, such as homopolymer PEN, or a PEN/PET copolymer or blend. The preform has a 
single outer layer made of virgin PET. 

[0027] In Fig. 2A, the movable platen 4 carrying the first set of mold cavities 1 1 , and the carriage 5 carrying the turret 
2, are each moved on guide bars (tie rods) 13, 14 to the left towards the fixed platen 3 to close the mold (i.e., both 
cavities). The first set of cores 9 on the left face 7 of the turret are positioned in the first cavity set 11 (first molding 
station); each first core/cavity pair defines an enclosed chamber for molding an inner sleeve about the first core. The 
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PEN polymer is injected via nozzle 16 into the first mold cavities to form the inner sleeve. Simultaneously the second 
core set 10 (on the second face 8 of the turret) ispositioned in the second cavity set 12 (second molding station) Virgin 
PET is injected via nozzle 17 into the second set of cavities to form a single outer layer about a previously-formed 
inner sleeve on each of the second cores. 

[0028] Next, the mold is opened as shown in Fig. 2B by moving both the movable platen 4 and carriage 5 to the left 
whereby the first cores 9 are removed from the first cavity 11 and the second cores 10 are removed from the second 
cavity 1 2. Now. the finished preforms 30 on the second core set are ejected. The finished preforms 30 may be ejected 
into a set of robot cooling tubes (not shown) as is well known in the art Next the turret 2 is rotated 180° whereby the 
first set of cores 9 with the inner sleeves 20 thereon are now on the right side of the turret (and ready for'insertion into 
the second set of cavities), while the second set of (empty) cores 10 is now on the left side of the turret (ready for 
insertion into the first set of mold cavities). Again, the mold is closed as shown in Fig. 2A and injection of the polymer 
materials into the first and second sets of cavities proceeds as previously described. 

[0029] In this embodiment, the first and second cores are held at a temperature in a range on the order of 60-70»C 
whether they are positioned in the first mold cavities or the second mold cavities. The first mold cavities (for forming 
the inner sleeve) are held at a temperature on the order of 85-95°C. The melt temperature of the PEN polymer is on 
the order of 285-295°C. The cycle time in the first mold cavity is on the order of 6-7 seconds. i.e.. the time lapse between 
iHZH T S m ° , ,njec "°" s - This is because - as show " m Pis- 3. the hold and cool stage is substantially eliminated 
m he first mo d cavrt.es The outer surface temperature of the sleeve (opposite the inner surface engaging the core) 
at the start of the second injection is 1 00-1 1 0°C. ; 
[0030] During the second molding step, the core temperature is again at 60-70°C, but the second mold cavity tem- 
perature is 5-10-C (much lower than the first cavity temperature, to enable quick coolirTg of the preform) The melt 
temperature of the virgin PET is on the order of 260 to 275°C; this is lower than the melt temperature of the PEN 
polymer, but because the PEN polymer is still warm (at a temperature of 100-110-G) during the second molding step 
there is melt adhesion (including diffusion bonding and chain entanglement) which occurs between the PEN polymer 

In"! and V,rg,n , PET 4 p o °'y mer chains < inner s,eev * and outer layer) respectively. The cycle time for the second molding 
step is on the order of 35 to 37 seconds. 

[0031] Fig 3 is a time line with the cycle time along the x axis (time in seconds), and the sequence of steps in the 
second cavrty set shown above the x axis, and the sequence of steps in the first cavity set shown below the x axis At 

L „', ST IT \* °™?t e ^ the Pr6SSUre iS bum up - At 1 = 15 seconds - ,he sec °"° «™ity (for forming 
HIT y nV S ,f ' ,he P reSSUre b0OSted ' a " d ,hen the preSSure reduced duri "9 the and cooling stage; this 
continues until t = 33 seconds in the second cavity. Meanwhile, no action is required at t = 1 .5 seconds in the first cavity 

held TntiH ^ fa T™ S Unt " * = 31 SeC ° ndS that «"* is W,ed and lhe P~— in-easlnS 

held, until t - 33 seconds. This substantial elimination of the hold and cooling stage (in the first cavity) oroduces an 

inner sleeve whfch is still at an elevated temperature when it is subsequently^ portioned in ^nd^ and 

open d (S Ft 2m n a ndTr n T " ** ^ *~ " d °"~ ^ At 1 = 33 seCOnds " the ™ ld * 

opened (see Fig. 2B), and the preforms from the second cavity are ejected. Then, at t = 35 seconds, the turret 2 is 

avi ^hilet e 2 t T ^ * 3 P ° SiUon l ° be inserted ^0 the'cond 

ST- 36 Lco„h T k (PreV '° USly in SeC °" d CaVi,y) iS "° W P ° si,ioned *° be inserte ° >n «he first cavity. 

At t - 36 seconds, we are ready to begin the next cycle. 

IS 7^ ? et ?° a , apparalus of Fi 9- 2 mav be advantageously used to produce multilayer preforms for a great 
ZS^ST^' 9 ^ h0t " fi " and Pasteurizable T* A of alterna Je embodiments are 

SpiKi nI!L Pref0r T madeaccordin 9 to me method and apparatus of Figs. 1-3 includes a full-body inner sleeve 20 

and ml P K fy k . / ^ *>" 22 ° f V,rgin PET Tne preform is substantially transparent and amorphous 

shown in %*ST 3 t Stre,Ch . b, ° W ; m0,ded 10 ^ 3 15 " ,er re,Umab,e and refil,ab,e ™* as 7a« 

shown ,n Rg. 4A. The container 40 ,s about 13.2 inches (335 mm) in height and about 3.6 inches (92 mm) in widest 

for rece,v ng a screw cap (not shown), and a closed bottom end or base 48. Between the neck finish 42 and base 48 
is a substantial* vertically-disposed sidewall 45 (defined by vertical axis or centeriine CL of the bottle) including a 

sidewal. an nfl! a ' hampa 9 ne ; s W e base w «h a central gate portion 51 and. moving radially outwardly towards the 
sidewall an outwardly concave dome 52. an inwardly concave chime 54. and a radially increasing and arcuate outer 
base portion 56 for a smooth transition to the sidewall panel 46. The chime 54 is a substantially toroidal-shaped area 
around a standing ring (chime) on which the bottle rests. roroioai-snaped area 

T^L -T"' 48 Sh r S !T cross - sec *' on the multi, ayer panel portion 46. which includes an innersleeve layer 41 (an 

Sfi! ^ d t r S ' 0n f- 6 Sl6eVe 20) - 3nd a " ° U,er ' ayer 43 (an eXpanded version of P fef °™ o«ter layer 22). One 
benefit of the present invenUon is that the .ayers 41 and 43 have bonded and will not separate during reheat stretch 
b.ow motdmg or use of the container, in this case induding the intended 20 or more refill cycles, .n addiuora fiance 
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47 (same as flange 21 of the preform) forms a top sealing surface of the container with increased strength and thermal 
resistance. 

Second Preform Embodiment (pasteurizable beer) 

5 

[0035] Figs. 5A-5D illustrate schematically a second method embodiment for making a finish-only sleeve and a mul- 
tiple outer layer preform; this preform is adapted for making a pasteurizable beer container. Fig. 5A shows a core 207 
positioned in a first mold cavity 213; together they form a first molding chamber in which a finish-only sleeve 250 is 
injection molded. Fig. 5A shows an injection nozzle 211 in the mold cavity 213, through which a molten thermoplastic 
10 material is injected for forming the sleeve 250. Fig. 5B shows the formed sleeve 250 on the core 207, the sleeve having 
been removed from first mold cavity 213 while it is still warm. The core 207 carrying the sleeve 250 is then positioned 
in a second mold cavity 214 as shown in Fig. 5C. The second mold cavity 214 and core 207 form a second molding 
chamber adapted to form an outer layer 252 over the inner sleeve 250. A plurality of different thermoplastic materials 
are injected through a gate 209 in the bottom of the second mold cavity 214, to form the multiple outer layers. As shown 
15 in Fig. 5D, the outer layer 252 extends the full length of the preform. A sequential injection process such as that 
described in U.S. Patent No. 4,609,51 6 to Krishnakumar et al., may be used to form inner and outer layers 253, 254 
of virgin PET, core layer 255 of recycled PET (which may include an oxygen scavenging material), and inner and outer 
intermediate layers 256, 257 of an oxygen barrier material, between the inner/core/outer layers. In this embodiment, 
only the virgin PET extends up into the neck finish of the preform, forming a single layer 258 over inner sleeve 250. In 
the base of the preform, a final injection of virgin PET forms a plug 259 for clearing the nozzle before the next injection 
cycle. 

[0036] Figs. 6A-6D illustrate a reciprocating shuttle apparatus, instead of the rotatable turret of Figs. 2A-2D, which 
comprises a second apparatus embodiment. This second apparatus will now be described with respect to forming the 
preform of Fig. 5. Fig. 7 shows a time line of the sequence of operations. 

[0037] The apparatus (see Figs. 6A-6D) includes first and second parallel guide bars 202, 203 on which a platen 
205 is movably mounted in the direction of arrow A 4 . The platen 205 carries a platform or shuttle 206 which is movable 
in a transverse direction across the platen 205 as shown by arrow Ag. A fixed platen 212 at one end of the guide bars 
holds three injection mold cavity sets 213, 214 and 215 which are supplied by nozzles 218, 219 and 220 respectively. 
The left (first) and right (third) cavity sets 213 and 215 are used to form neck portions of preforms, while the middle 
(second) cavity set 214 is used for molding body-forming portions. 

[0038] Fig: 5A shows an arbitrarily-designated first step wherein the first core set 207 is positioned in left cavity set 
213 for forming a first set of preform neck portions (sleeves). Simultaneously, second core set 208 is positioned in 
middle cavity set 214 for molding a set of multilayer body-forming portions (over a second set of previously molded 
neck portions). Fig. 5B shows the core sets following removal from the cavity sets, with a neck sleeve 250 on each 
core of core set 207, and a preform 260 on each core of core set 208. The completed preforms 260 are then ejected 
from the core set 208. 

[0039] In a second step (Fig. 6C), the shuttle 206 is moved to the right such that the first core set 207 with neck 
sleeves 250 are now positioned below middle cavity 214, while second core set 208 with now empty cores 216 is 
positioned below right cavity set 215. Movable platen 205 is then moved towards fixed platen 212 so as to position 
40 first core set 207 in middle cavity set 214, and second core set 208 in right cavity set 21 5 (Fig. 6D). Again, body-forming 
portions are formed over the previously formed neck sleeves in middle cavity set 214, while neck sleeves are molded 
on each of the cores in the core set 208 in right cavity set .21 5. The movable platen 205 is then retracted to remove 
the core sets from the cavity sets, the finished preforms on the first core set 207 are ejected, and the shuttle 206 returns 
to the left for molding the next set of layers. 
45 [0040] Fig. 7 is a time line of the operations shown in Fig. 6, with time in seconds along the x axis, and the sequence 
of steps in the second cavity 214 shown above the x axis, and the sequence of steps in the first cavity 213 shown 
below the x axis. First, at t = 0, the mold is closed (Fig. 6A) and the pressure builds up. Then, at t = 1.5 seconds the 
second cavity 214 is filled (forming the outer layer), the pressure increased, and the pressure held while the preform 
cools, until t = 21 seconds. Meanwhile, no action is required in the first cavity at t = 1.5 seconds; at t = 20 seconds 
the first cavity 213 is filled with PEN polymer and the pressure increased and held until t = 21 seconds (again the hold 
and cooling stage has been substantially eliminated in the first cavity set by delaying the filling stage until near the end 
of the hold and cooling stage for the second cavity set). At t = 21 seconds, the mold is opened and the preforms 260 
are ejected from the second cavities. At t = 23 seconds, the shuttle 206 with the still warm neck sleeves is transferred 
to the second shuttle position as shown in Fig. 6C, and at t = 24 seconds the mold is closed as shown in Fig. 6D. 
[0041] In this particular embodiment, the first and second core sets 207, 208 are held at a temperature on the order 
of 60-70°C during both of the first and second molding steps. The first mold cavity (for forming the neck finish sleeve) 
is on the order of 75-85°C. The PEN polymer has a melt temperature on the order of 275-285°C. The cycle time in the 
first cavity is on the order of 5-6 seconds; this is the time lapse between the first and second injection steps. The surface 
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temperature of the sleeve at the time of the second injection is on the order of 1 00-11 0°C. 

[0042] In the second molding step, the core temperature is on the order of 60-70°C, and the second mold cavity is 
at a temperature on the order of 5-1 0°C. The cycle time in the second mold cavity is on the order of 23-25 seconds 
The elevated temperature at the outer surface of the sleeve, at the time of the second molding step, causes melt 
adhesion (including diffusion bonding and chain entanglement) between the PEN polymer of the sleeve and the virgin 
PET of the outer layer portion 258 which is adjacent the sleeve 250. 

Third Preform Embodiment (hot fill) 

[0043J A further preform/container embodiment is illustrated in Figs. 8-g. Figs. 8A-8B show a multilayer preform 330 
and Figs. 9A-9B show a hot-fill beverage bottle 370 made from the preform of Fig. 8. In this embodiment, a first molded 
sleeve forms the entire thickness of the neck finish, and is joined at its lower end to a second molded body-formina 
portion. 8 

[0044J Fig. 8A shows a substantially cylindrical preform 330 (defined by vertical centerline 332) which includes an 
upper neck portion or finish sleeve 340 bonded to a lower body-forming portion 350. The crystallized neck portion is 
a monolayer of CPET and includes an upper sealing surface 341 which defines the open top end 342 of the preform 
and an exterior surface having threads 343 and a lowermost flange 344. CPET, sold by Eastman Chemical. Kingsport' 
TN, is a polyethylene terephthalate polymer with nucleating agents which cause the polymer to crystallize during the 
injection molding process. Below the neck finish 340 is a body-forming portion 350 which includes a flared shoulder- 
forming section 351. increasing (radially inwardly) in wall thickness from top to bottom^ a cylindrical panel-forming 
section 352 having a substantially uniform wall thickness, and a base-forming section 353. Body-forming section 350 
is substantially amorphous and is made of the following three layers in serial order outer layer 354 of virgin PET- core 
layer 356 of post-consumer PET; and inner layer 358 of virgin PET The virgin PET is a low copolymer having 3% 
comonomers (e.g.. cyclohexane dimethanol (CHDM) or isophthalic acid (IPA)) by total weight of the copolymer A last 
shot of virgin PET (to clean the nozzle) forms a core layer 359 in the base. 

[0045] This particular preform is designed for making a hot-f.ll beverage container. In this embodiment, the preform 
has a height of about 96.3mm. and an outer diameter in the panel-forming section 352 of about 26.7mm The total wall 
thickness at the panel-forming section 352 is about 4mm. and the thicknesses of the various layers are- outer layer 
354 of about 1mm, core layer 356 of about 2mm, and inner layer 358 of about 1mm. The panel-forming section 352 
may be stretched at an average planar stretch ratio of about 10:1 , as described hereinafter. The planar stretch ratio is 
the ratio of the average thickness of the preform panel-forming portion 352 to the average thickness of the container 
panel 383, wherein the "average" is taken along the length of the respective preform or container portion For hot-fill 
beverage bottles of about 0.5 to 2.0 liters in volume and about 0.35 to 0.60 millimeters in panel wall thickness a 
preferred planar stretch ratio is about 9 to 12. and more preferably about 10 to 1 1 . The hoop stretch is preferably about 
3.3 to 3.8 and the axial stretch about 2.8 to 3.2. This produces a container panel with the desired abuse resistance 
and a preform sidewall with the desired visual transparency. The specific panel thickness and stretch ratio selected 
depend on the dimensions of the bottle, the internal pressure, and the processing characteristics (as determined for 
example, by the intrinsic viscosity of the particular materials employed). 

[0046] In order to enhance the crystallinity of the neck portion, a high injection mold temperature is used at the first 
mo ding station. In this embodiment. CPET resin at a melt temperature of about 280 to 290»C is injection molded at a 
mold cavity temperature of about 110 to 120°C and a core temperature of about 5 to 15°C, and a cycle time of about 
6 to 7 seconds. The first core set, carrying the still warm neck portions (outer surface temperature of about 115 to 
125 C). are then transferred to the second station where multiple second polymers are injected to form the multilayer 
body-forming portions and melt adhesion occurs between the neck and body-forming portions. The core and/or cavity 
set a the second station are cooled (e.g., 5 to 15°C core/cavity lemperature) in order to solidify the performs and 
enable removal from the molds (cycle time of about 23 to 25 seconds) with acceptable levels of post-mold shrinkage 
The cores and cavities at both the first and second stations include water cooling/heating passages for adiustinq the 
temperature as desired. " " 

[0047] As used herein, "melt adhesion" between the inner sleeve and outer layer is meant to include various types 
of bonding which occur due to the enhanced temperature (at the outer surface of the inner sleeve) and pressure (e 
g typical injection molding on the order of 55 x 106 - 103 x 10* N/m* (8000-15.000 psi) during the second molding 
step, which may include diffusion, chemical, chain entanglement, hydrogen bonding, etc. Generally, diffusion and/or 
chain entanglement will be present to foim a bond which prevents delamination of the layers in the preform and in the 
container when filled with water at room temperature (25°C) and dropped from a height of 457mm (eighteen inches) 
onto a thick steel plate. 

[0048] Fig. 8B is an expanded view of the neck finish 340 of preform 330. The monolayer CPET neck finish is formed 
wrth a projection 345 at its lower end, which is later surrounded (interlocked) by the virgin PET melt from the inner and 
outer layers 354.358 at the second molding station. The CPET necK finish and outermost virgin PET layers of the body 
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are melt adhered together in this intermediate region (between the lower end of the neck finish sleeve and the upper 
end of the body-forming region). 

. [0049] Fig. 9A shows a unitary expanded plastic preform container 370. made from the preform of Fig. 8. The con- 
tainer is about 182.0mm in height and about 71 .4mm in (widest) diameter. This 454 cm3 (16-oz.) container is intended 
for use as a hot-fill non-carbonated juice container. The container has an open top end with the same crystallized neck 
finish 340 as the preform, with external screw threads 343 for receiving a screw-on cap (not shown). Below the neck 
/ finish 340 is a substantially amorphous and transparent expanded body portion 380. The body includes a substantially 
vertically-disposed sidewall 381 (defined by vertical centeriine 372 of the bottle) and base 386. The sidewall includes 
an upper flared shoulder.portion 382 increasing in diameter to a substantially cylindrical panel portion 383 The panel 
383 has a plurality of vertlcallyelongated, symmetrically-disposed vacuum panels 385. The vacuum panels move in- 
wardly to alleviate the vacuum formed during product cooling in the sealed container, and thus prevent permanent 
uncontrolled deformation of the container. The base 386 is a champagne-style base having a recessed central gate 
portion 387 and moving radially outwardly toward the sidewall. an outwardly concave dome 388, an inwardly concave 
chime 389, and a radially increasing and arcuate outer base portion 390 for a smooth transition to the sidewall 381 
[0050] Fig. 9B shows in cross section the multilayer panel portion 383 including an outer layer 392 a core layer 394 
and an inner layer 396, corresponding to the outer 354. core 356 and inner 358 layers of the preform The inner and 
outer container layers 392, 396 (of virgin PET copolymer) are each about 0.1 mm thick, and the core layer 394 (of post- 
consumer PET) is about 0.2mm thick. The shoulder 382 and base 386 are stretched less and therefore are relatively 
thicker and less oriented than the panel 383. 

Fourth Preform Embodiment - — 

[0051] A fourth preform embodiment is illustrated in Fig. 1 0. A multilayer preform 1 30 is made from the method and 
apparatus of Figs. 1-2. and is adapted to be reheat stretch blow-molded into a refillable carbonated beverage bottle 
similar to that shown in Fig. 4. but having a thickened base area including the chime for increased resistance to caustic 
and pressure induced stress cracking. 

[0052] in Fig. 10 there is shown a preform 130 which includes a PEN inner sleeve layer 120, and a three-layer outer 
layer comprising outermost (exterior) virgin PET layer 123, first intermediate (interior) PC-PET layer 124 and second 
intermediate (Interior) virgin PET layer 125. The inner sleeve layer 120 is continuous, having a body portion 121 ex- 
tending the full length of the preform and throughout the base. The sleeve layer further includes an upper flange 1 22 
which forms the top sealing surface of the preform. The outer layer similarly extends the full length and throughout the 
bottom of the preform. 9 
[0053] The preform 130 includes an upper neck finish 132, a flared shoulder-forming section 134 which increases 
n thickness from top to bottom, a panel-forming section 136 having a uniform wall thickness, and a thickened base- 
forming section 138 Base section 138 includes an upper cylindrical thickened portion 133 (of greater thickness than 
the panel section 1 36) which forms a thickened chime in the container base, and a tapering lower portion 1 35 of reduced 
thickness for forming a recessed dome in the container base. A last shot of virgin PET (to clean the nozzle) forms a 
Si 139 *f, base - A P reform havi "9 a P ref erred cross-section for refill applications is described in U.S. Patent 
fnS November 1 9 - 1 991 10 Krishnakumar et al. which is hereby incorporated by reference in its entirety. 

[0054] This particular preform is designed for making a refillable carbonated beverage container. The use of an inner 
\ 3 hom opolymer, copolymer, or blend provides reduced flavor absorption and increased thermal 
stability for increasing the wash temperature. The inner PEN sleeve can be made relatively thin according to the method 

1 J he ' nt . eri ° r P 5" PET ' ayer 124 Ca " be made relatively thick ,0 reduce ,he cost 0, « he container, without 
significantly affecting performance. In this example, the preform has a height of about 7.130 inches'(181.1 mm) and 
an outer diameter in the panel-forming section 1 36 of about 1 .260 inches (32.0mm). At the panel-forming section'l 36. 
the total wall th.ckness is about 0.230 inches (5.84 mm), and the thicknesses of the various layers are- inner layer 1 20 
of about 0.040 inches (1.0 mm), outermost layer 123 of about 0.040 inches (1.0 mm), first intermediate layer 124 of 
about 0 1 30 inches (3.30 mm), and second intermediate layer 125 of about 0.020 inches (0.5 mm); The panel-forming 
sector. 136 may be stretched at an average planar stretch ratio of about 10.5:1, as described hereinafter. The planar 
stretch ratio is the ratio of the average thickness of the preform panel-forming portion 136 to the average thickness of 
the container panel (see for example sidewall 46 in Fig, 4). wherein the "average" is taken along the length of the 
respective preform or container portion. For refillable carbonated beverage bottles of about 0.5 to 2.0 liters in volume 
and about 0.5 to 0.8 millimeters In panel wall thickness, a preferred planar stretch ratio is about 7.5-10.5 and more 
preferably about 9.0-10.5. The hoop stretch is preferably about 3.2-3.5 and the axial stretch about 2.3-2 9 This pro- 
duces a container panel with the desired abuse resistance, and a preform sidewall with the desired visual transparency 
The specific panel thickness and stretch ratio selected depend on the dimensions of the bottle, the internal pressure 
in f^l at ™ S K ph , e / es or beer and 4 atmospheres for soft drinks), and the processing characteristics (as determined 
tor example, by the intrinsic viscosity of the particular materials employed). 
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[0055] In order to provide a thin PEN sleeve layer (e.g. 0.5 to 1 .0 mm), a suitable mold cavity temperature would be 
on the order of 100 to 110°C and core temperature of about 5 to 15°C. for a PET melt- temperature of about 285 to 
295 C and cycle time of about 6 to 7 seconds. The first core set and warm inner layer are then immediately transferred 
to the second station where the outer layers are injected and bonding occurs between the inner and outer layers (e 
g. extenor surface of inner PEN sleeve layer at about 90 to 100»C and innermost PET layer at about 260 to 275»C>' 
The first core set and/or second cavity set at the second station are cooled (e.g.. about 5 to 1 5»C) in order to solidify 
the perform and enable removal from the mold. The cores and cavities at both the first and second stations include 
water cooling/heating passages for adjusting the temperature as desired. 

[0056] In this embodiment, the inner sleeve layer 120 is made from a high-PEN copolymer having 90% PEN/10% 
PET by total weight of the layer, and in the container panel is about 0.004 inches (0.10 mm) thick. The outermost layer 
o onli* min ^J^T- 9 3% Comonomers <•*• CH ™ or-lPA). and in the container panel is about 
IZ IhToS tS I"" m,ermediate la * e ' 124 fe PC - p ET. and in the container panel is about 0.012 in (0.30 

mm) th ck The second intermediate layer 125 is the same virgin PET low copolymer as outermost layer 123 andln 
the container pane, is about 0.002 in (0.05 mm) thick. The container shoulder and base (see 44 and 48 in Fig 4A) a e 
stretched less and therefore are thicker and less oriented than the panel (see 46 in Fig 4A). 

Fifth Preform Embodiment 

E„ h Fi9 ' 11 atC f an ° ther Preform embodimen * for maki "9 a 'efillable carbonated beverage container This 
preform has an additional outermost layer in the base only for increasing caustic stress crack resistance whSe maxJ 
mizing the use of post-consumer PET for reducing the cost. The preform 1 60 includes anupper neck finfeh 162 sfioul- 
der-formmg portion 164. panel-forming section 166. and base-forming portion 168. The inner layer iTo has a 

^Z l72il^LT T ,h T h T ' en9,h (inC ' Uding * he b ° tt0m) ° f the " refo ™ a " d -n 
out the length of the preform, and forms a single outer layer in the neck finish and panel-forming section In the base- 
forming portion an additional exterior .ayer 1 74 of high IV virgin PET is provided to enhance the cauSic sulss cract 

^rii w r con,ainer - A thin interior ,ayer 175 of me hi9h ,v **■ pet 

PC PCT £ ?2T n < T T 10 "^ referenCed - A l3St Sh0t 176 ° f hi ° h IV **» PET is «° clear ouUhe 
Tm^ h ° SeC "° n - The ° Uler baSe ' ayer 174 ls preferab| y a hi 9" lv WO'" PET (homopolymer or copoT 

ymer) having an intnnsic viscosity of at least about 0.76. and preferably in the range of 0.76 to 0 84 Th resZa 
container may be either a footed or champagne base container. resulting 

Sixth Preform Embodiment 

[0058] Fig. 12 shows another preform embodiment including a high-temperature neck finish sleeve 190 and a *in„.» 
184. panel-fonmng portion 186, and base-forming portion 188. The inner sleeve 190 includes a neck finishTortion 191 

s^ts^i alon ■ ,he ,e r h °: ,he upper threade ° neck finfeh 182 °< £ andT^ r 

flange 192 form.ng a top seahng surface. The inner sleeve is formed of a thermal resistant (high T ) material such as 

KinL 0 rr^ me : , T, ,ymerorb,endAtt ^ 

[0060] In further alternative embodiments, a triple outer layer of virgin PET, PC-PET, and virgin PET may be used. 
Alternative Constructions and Materials 

whirnLrr 7 ?T, er ° US Pre,0rm 3nd ° 0ntainer and many differenf injection moldab.e materials 

ns: ~r: sssr p ™ and,or packase - f,,,in9> and ™ 9 

terephOia.ate (PBT), polypropylene tereph.ha.ate (PPT). PO^^Z^ Pm^a^^^ZZ 

S^aT^STpaI ^SJrSf from Eas,man ChemJ - Kin9Sport - A^liSSSSSSS 

include PA6, PA6.6, PA6.4. PA6.10. PA11. PA12, etc. Other useful thermoplastic polymers include acrvlicfimide amor 
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[0063] Polyesters based on terephthalic or isophthalic acid are commercially available and convenient. The hydroxy 
compounds are typically ethylene glycol and 1 ,4-di-(hydroxy methyl)-cyclohexane. The intrinsic viscosity for phthalate 
polyesters are typically in the range of 0.6 to 1.2. and more particularly 0.7 to 1.0 (for O-chlorolphenol solvent). 0.6 
corresponds approximately to a viscosity average molecular weight of 59,000, and 1 .2 to a viscosity average molecular 
weight of 112,000. In general, the phthalate polyester may include polymer linkages, side chains, and end groups not 
related to the formal precursors of a simple phthalate polyester previously specified. Conveniently, at least 90 mole 
percent will be terephthalic acid and at least 90 mole percent an aliphatic glycol or glycols, especially ethylene glycol 
[0064] Post-consumer PET (PC-PET) is a type of recycled PET prepared from PET plastic containers and other 
recyclables that are returned by consumers for a recycling operation, and has now been approved by the FDA for use 
in certain food containers. PC-PET is known to have a certain level of I.V. (intrinsic viscosity), moisture content and 
contaminants. For example, typical PC-PET (having a flake size of one-half inch maximum), has an I.V. average of 
about 0.66 dl/g, a relative humidity of less than 0.25%, and the following levels of contaminants: 

PVC:<100ppm 
aluminum: < 50 ppm 

olefin polymers (HDPE, LDPE, PP): < 500 ppm 
paper and labels: < 250 ppm 
colored PET: < 2000 ppm 
other contaminants: < 500 ppm 

PC-PET may be used alone or in one or more layers for reducing the cost or for other benefits. 
[0065] Also useful as a base polymer or as a thermal resistant and/or high-oxygen barrier layer is a packaging material 
with physical properties similar to PET, namely polyethylene naphthalate (PEN). PEN provides a 3-5X improvement 
in barrier property and enhanced thermal resistance, at some additional expense. Polyethylene naphthalate (PEN) is 
a polyester produced when dimethyl 2,6-naphthalene dicarboxylate (NDC) is reacted with ethylene glycol The- PEN 
polymer comprises repeating units of ethylene 2,6 naphthalate. PEN resin is available having an inherent viscosity of 
0.67dl/g and a molecular weight of about 20,000 from Amoco Chemical Company, Chicago, Illinois PEN has a glass 
transition temperature T g of about 123°C, and a melting temperature T m of about 267°C. 

[0066] Oxygen barrier layers include ethylene/vinyl alcohol (EVOH), PEN, polyvinyl alcohol (PVOH). polyvinyldene 

, C o^ ( r /DC)> ny, ° n 6 ' cr y sta!,izab,e n y ,on ( MXD - 6 >> LCP (liquid crystal polymer), amorphous nylon, polyacrylonilrile 
(PAN) and styrene acrylonitrile (SAN). 

[0067] The intrinsic viscosity (I.V.) effects the processability of the resins. Polyethylene lerephthalate having an in- 
tr.ns.c v.scosity of about 0.8 is widely used in the carbonated soft drink (CSD) industry. Polyester resins for various 
appl.cat.ons may range from about 0.55 to about 1.04, and more particularly from about 0.65 to 0 85dl/g Intrinsic 
v.scos.ty measurements of polyester resins are made according to the procedure of ASTM D-2857, by. employing 
0.0050 ± 0.0002 g/ml of the polymer in a solvent comprising o-chlorophenol (melting point 0°C). respectively at 30°C 
Intrinsic viscosity (I.V.) is given by the following formula: 

IV - = (NVso.n./Vsol.WC 

where: 

v soin. is th « viscosity of the solution in any units; 

V Sol is the viscosity of the solvent in the same units; and 

C is the concentration in grams of polymer per 100 mis of solution. 

[0068] The blown container body should be substantially transparent. One measure of transparency is the percent 
haze for transmitted light through the wall (Hj) which is given by the following formula: 

H T = [Y d+ (Y d+ Y s )]x100 

where Y d is the diffuse light transmitted by the specimen, and Y s is the specular light transmitted by the specimen 
The drffuse and specular light transmission values are measured in accordance with ASTM Method D 1 003 using any 
standard color difference meter such as model D25D3P manufactured by Hunterlab. Inc. The container body should 

P t rCen ' ha26 (thr ° U9h ,he Pane ' Wal,) of ' ess ,han aboul 10% - and more Preferably less than about 5% 
[0069] The preform body-forming portion should also be substantially amorphous and transparent, having a percent 



11 



EP 0 837 763 B1 



haze across the wall of no more than about 10%. and more preferably no more than about 5% 

h! 7 ! 1 u ^TlfT Wi " haVe Varyin9 ' eVelS ° f at va nous posiUons along the height of the bottle from 

the neck fin.sh to the base. The percent crystallinity may be determined according to ASTM 1505 as follows- 



% crystallinity = [(ds - da)/(dc - da)] X 1 00 

where ds = sample density in gW. da = density of an amorphous film of zero percent crystallinity, and dc = density 
nrS ZT CalCU,a,ed fr0m un,t ce " P^^eters. The panel portion of the container is stretched the greatest and 
E?2?J ^ n p Vera ? e pe K rc ?"! r cr y sta,,ini, y in al «ne outer layer of at least about 15%. and more preferably at 
0071? p 1 Pnman,y PET P0,ymerS • 3 15 " 25% C,yS,allini,V ra "9 e fe useful in a "° hot""" applications 
and ,nC H eaSe f !r TV 66 aCh ' eVed by h6at Set,i " 9 t0 pr0Vide a combination of sirain-induced 
pafenTe T^^^^- 11mmMa * MM CryS,a,,inity fe 3ChieVed 31 ' 0W tempera.ures.to preserve trans- 
parency, e.g.. holding the conta.ner m contact with a low temperature blow mold. In some applications a hiqh level of 
crystallinity at the surface of the sidewall alone is sufficient. app«cauons, a nigh level of. 

[0072] As a further alternative embodiment, the preform may include one or more layers of an oxygen scavenoina 

incZZZT- T OXV9en SCaVen9i " 9 C ™X>?*™ *» Multilayer Preform And Container." which i hereby 

Lbte S ZtoTT? 6 ^ A h S diSC '° Sed therein> ^ 0XV9en SC3Ven9er mav be a metai^catatyzed ox do- 
able organic polymer, such as a polyam.de. or an anti-oxidant such as phosphite or phenolic The oxvoen scavenger 
may be mrxed with PC-PET to accelerate activation of the scavenger. The oxygen scaveTgtma teaZ^uZ 
comb.ned with other thermoplastic pofymers to provide the desired injection molding and'streTh ETSKS 
anted T? , ? substantially amorphous injection molded preforms and substantially transp^btSly orl 
ented polyester conta.ners. The oxygen scavenger may be provided as an interior layer to retard ZraUon of *e 

'or 96 ' ° r itS b ™ rMs - a "° «» Prevent premature activation of the scavenger 9 
Kg: C ° n,ainerS mUSt ^ S6Vera ' ^ perf( ~e -teria in order to achieve commercial viability, in- 

1. high clarity (transparency) to permit visual on-line inspection; 

2. dimensional stability over the life of the container; and 

3. resistance to caustic wash induced stress cracking and leakage. 

Generally, a refillable plastic bottle must maintain its functional and aesthetic characteristics over a minimum of 10 and 
preferabty 20 cycles or loops to be economically feasible. A cycle is genera,* comprised" (f a ^« i^c 

iSn A !h S ! P T 6d T e f ° r simulatin 9 such a cvcle be as follows. As used in this specification and claims the 
f dll h a designated number of refill cycles without crack failure and/or with a maximl vo.ume chanoe 
is determined according to the following test procedure. volume cnange 

E k 53 ^ °° ma ' ner is sub iected to a typical commercial caustic wash solution prepared with 3 5% sodium hv- 

bSfa ^ " T ^ W8,er ^ WaSh S0 ' Uti0n iS main,ained a « a desi 9" a ted wash temperature e g 60^C The 
bottesa^^^ 

Son SV f . Mer rem ° Val fr ° m lhe W3Sh SO,Ution ' the b0Mtes are ri ^ed in tap water and then Sed wZ 
carbonated water so.ut.on at 4.0 ± 0.2 atmospheres (to simu.ate the pressure in a carbonated soft drink contaT^r) 

' T r 38 ° C COnVeC,i ° n ° Ve " 31 5 ° % re ' a,ive humidity for24 hours - ™ s e 'evated ov" TtSSSi 
* d ,0 S,mulate lon 9 er commercial storage periods a. lower ambient temperatures. Upon removaSZe oven 
the contamers are empued and again subjected to the same refill cycle, until failure 

loss Vo^m^hl 6 ' S ^IT 35 any CnK * propa 9 atin 9 trough the bottle wall which results in leakage and pressure 
o^ re V ^ 

[0077] A refillable container can preferably withstand at least 20 refill cycles at a wash temperature of 60»r wi.ho..i 
fa.lure. and w.th no more than 1 .5% volume change after 20 cycles temperature of 60 C wrthout 

[0078] In this invention, a higher level of crystallization can be achieved in the neck finish mmMra . . 

ess r^r ,,ize °r e ,he mo,d - Thus - - prefom ™* 

r!T!.f t r 3 f . eXamP,e ' 3 " eCk fl " iSh made 0f 3 PET bemopolymer can be molded with an averse oe 2" 

Z£Z hi? b0Ut 35%> and m ° re Preferab,y 31 ,east ab0lrt 40% To bonding bXeenXneck 

port™ and body-form.ng port.on of the preform, one may use a thread split cavity, wherein the thread section of the 
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mold is at a temperature above 60°C, and preferably above 75°C. 

[0079] As an additional benefit, a colored neck finish can be produced, while maintaining a transparent container 
body. 

[0080] The neck portion can be monolayer or multilayer and made of various polymers other than CPET, such as 
arylate polymers, polyethylene naphthalate (PEN), polycarbonates, polypropylene, polyimides, polysulfones, acrylo- 
nitrile styrene, etc. As a further alternative, the neck portion can be made of a regular bottle-grade homopolymer or 
low copolymer PET (i.e., having a low crystallization rate), but the temperature or other conditions of the first molding 
station can be adjusted to crystallize the neck portion. 

[0081] Other benefits include the achievement of higher hot-fill temperatures (i.e., above 85°C) because of the in- 
creased thermal resistance of the finish, and higher refill wash temperatures (i.e., above 60°C). The increased thermal 
resistance is also particularly useful in pasteurizable containers. 

[0082] Figs. 1 3A-1 3B illustrate graphically the change in melt temperature and orientation temperature for PET/PEN 
compositions, as the weight percent of PEN increases from 0 to 100. There are three classes of PET/PEN copolymers 
or blends: (a) a high-PEN concentration having on the order of 80-100% PEN and 0-2b% PET by total weight of the 
copolymer or blend, which is a strain- hardenable (orientable) and crystallizable material; (b) a mid-PEN concentration 
having on the order of 20-80% PEN and 80-20% PET, which is an amorphous non-crystallizable material that will not 
undergo strain hardening; and (c) a low-PEN concentration having on the order of 1-20% PEN and 80-99% PET, which 
is a crystallizable and strain-hardenable material. A particular PEN/PET polymer or blend can be selected from Figs. 
1 3A-1 3B based on the particular application. 

[0083] Fig. 1 4 illustrates a particular embodiment of a combined infrared (IR) and radio frequency (RF) heating system 
for reheating previously molded and cooled preforms (i.e., for use in a two-stage reheat injection mold and stretch blow 
process). This system is intended for reheating preforms having layers with substantially different orientation temper- 
atures. For example, in the fourth preform embodiment the high-PEN inner layer 120 has an orientation temperature 
much higher than the virgin PET low copolymer and PC-PET outer layers 1 23-1 25. PEN homopolymer has a minimum 
orientation temperature on the order of 260°F (127°C), based on a glass transition temperature on the order of 255°F 
(123°C). PEN homopolymer has a preferred orientation range of about 270-295°F (132-146°C). In contrast, PET 
homopolymer has a glass transition temperature on the order of 1 75°F (80°C). At the minimum orientation temperature 
of PEN homopolymer, PET homopolymer would begin to crystallize, and would no longer undergo strain hardening 
(orientation), and the resulting container would be opaque and have insufficient strength. 

[0084] Returning to Fig. 14, this combined reheating apparatus may be used with preforms having a substantial 
disparity in orientation temperatures between layers. The preforms 130 are held at the upper neck finish by a collet 
107 and travel along an endless chain 115 through stations A, B and C in serial order. Station A is a radiant heating 
oven in which the preforms are rotated while passing by a series of quartz heaters. The heating of each preform is 
primarily from the exterior surface and heat is transmitted across the wall to the inner layer. The resulting heat or 
temperature profile is higher at the exterior surface of the preform than at the interior surface. The time and temperature 
may be adjusted in an attempt to equilibriate the temperature across the wall. 

[0085] In this embodiment, it is desired to heat the inner PEN layer at a higher temperature because of PEN's higher 
orientation temperature. Thus, the preforms (across the wall) are brought up to an initial temperature of about 160°F 
(71°C) at station A, and are then transferred to station B which utilizes microwave or radio frequency heaters. These 
highfrequency dielectric heaters provide a reverse temperature profile from that of the quartz heaters, with the interior 
surface of the preform being heated to a higher temperature than that of the exterior surface. Fig. 14 shows the preforms 
1 30 traveling between electrode plates 1 08 and 1 09, which are connected to RF generator 1 1 0 and ground respectively. 
At station B, the inner layer is brought up to a temperature of about 295°F (1 46°C), and the outer layer to a temperature 
of about 200°F (93°C). Finally, the preforms are passed to station C, which is similar to station A. At station C the 
quartz heaters bring the preforms to a temperature of about 280°F (1 38°C) at the inner layer and about 210°F (99°C) 
at the outer layer. The reheated preforms are then sent to a blow mold for stretch blow molding. A more detailed 
description of hybrid reheating of polyester preforms including a combination of quartz oven reheating and radio fre- 
quency reheating is described in U.S. Patent 4,731 ,51 3 to Collette entitled "Method Of Reheating Preforms For Forming 
Blow Molded Hot Fillable Containers," which issued March 15, 1988, and is hereby incorporated by reference In ad- 
dition, additives may be prc-vided in either or both of the PET and PEN layers to make them more receptive to radio 
frequency heating. 

[0086] In a preferred thin sleeve/thick outer layer embodiment, the thin inner layer sleeve may have a thickness on 
the order of 0.02 to 0.06 inch (0.5 to 1.5mm), while the thick outer layer has a wall thickness on the order of 0.10 to 
0.25 inch (2.50 to 6.35mm). The inner layer may comprise on the order of 10-20% by total weight of the preform. This 
represents an improvement over the prior art single injection cavity process for making multilayer preforms. Also the 
weight of one or more outer layers (such as a layer of PC-PET) can be maximized. 

[0087] While there have been shown and described several embodiments of the present invention, it will be obvious 
to those skilled in the art that various changes and modifications may be made therein without departing from the scope 
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of the invention as defined by the appending claims. 

Claims 



1 - ZfZ^JSZZSSF" ^ imPr0Vi " 9 ^ adheSi °" * 3 — - Necked 

2 UTS a " lnn f r Steeve layer ™ betwee " a ™« cavity (11) and core (9). the first mold cavity 
bong heated to ma,nta,n an outer surface of the inner sleeve layer at an elevated temperature- 

SSSX?iTi W a ". d Sl ^?J a r (20) to 3 Second ™ ,d (12) and secondly molding an outer 
layer (22 over the sleeve layer while the outer surface is at the elevated temperature, the outerlaver (221 

is 2£I2 TT a t hk" ,he l hickness of the inner s,eeve la * er < 20 >- whe - the *S3SSS 

lldfng sJep. "" W ^ *" °* r (22) *** Second 

2 ' «„rnd°mg ai,n ^ "* a<,heSi ° n bC,Ween ^ (20) 0Uter ,ayer < 22 > includes 

3 ' ch^elngltrlr "* melt adheSi0 " b6,Ween ^ hn8r (2 °^ d ° Uter <*> Mb*. 

4. The method of claim 1, wherein the sleeve forms an upper sleeve portion (250, 340. 190) of the article and the 
outer layer forms a lower body portion (260. 350, 180) of the article. 

7 - i™ni?^:s 

8. The method of claim 1 , wherein the outer layer (260. 350) comprises multiple outer layers. 

9. The method of claim 1, wherein the article is a preform (30, 330, 130, 160, 180). 

10. The method of claim 9. wherein the first molding step forms a neck finish portion (250. 340. 190) of the preform. 
11 ' M s°Lp aim Wherei " ^ P °* B iS m0Wed fr ° m a winzes during the 

LtS^telltr ^ neC ' finiSh P "* B iS m °' ded fr0m a f,rSt "-«« having a higher 

glass transition temperature than a second polymer material which forms the outer layer. 

14 ' aoeTnT ° f C ' aim 1 ' ^ ^ S ' eeVe haS 3 thickness in a range on me order of 0 5 to 15 ™ (0 02 to 

15 ' (0 h 1o"o 0°25 iS!" ^ Wherei " ° U,er ' ayer ^ 3 Wa " miCkneSS in 3 ra " 9e °" the °' de ' * "0 to 6.35mm 

16 ' Ul™ m rt f ,° d ° f C ' a ^ 1 ' Wherei " ,hC inner S,eeve is formed of a first mate " a ' ^ving a first melt temperature and 
pouter layer .nch,desasecond layer adjacent the inner steeve and made of a seind ma^Sq^S 
melt temperature lower than the first melt temperature. maienai naving a second 
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17. The method of claim 1, wherein the first mold cavity (11) is at a first cavity temperature and the second mold cavity 
(12) is at a second cavity temperature lower than the first cavity temperature. 

18. The method of claim 1 7, wherein the core (9) is at a core temperature which is less than the first cavity temperature. 

19. The method of claim 1, wherein the inner sleeve is formed of a first material having a first T g , and the elevated 
temperature is in a range on the order of 5-20°C below the first T g . 

20. The method of claim 1, wherein the sleeve is molded from a first material selected from the group consisting of 
homopolymers, copolymers, and blends of polyethylene naphthalate (PEN). 

21. The method of any one of claims 1 and 20, wherein the outer layer includes at least one layer molded from a 
second material selected from the group consisting of polyethylene terephthalate (PET), an oxygen scavenging 
material, recycled PET, polyethylene, polypropylene, polyacrylate, polycarbonate, polyacrylonitrile, nylon, and co- 
polymers and blends thereof. 

22. The method of claim 1, wherein the article has a sidewall portion in which the inner sleeve has a first thickness 
(tj) and the outer layer has a second thickness (t>), and the ratio of 12^-, is greater than on the order of 4:1. 

23. The method of claim 1, wherein the article has a first thickness (tj) and the outer ia^er has a : second thickness 
(t 2 ), and the ratio of t 2 :t t is on the order of from 1 .2:1 to 8:1 . 

24. The method of claim 1, wherein the inner sleeve (340) is substantially crystallized and the outer layer (350) is 
substantially amorphous. 

25. The method of claim 1 , wherein the inner sleeve is made of a first material and the outer layer is made of a second 
material, and the second material has a lower crystallization rate compared to the first material. 

26. The method of claim 1, wherein first and second cores (9. 10) are provided, and wherein during a first cycle the 
first core (9) is positioned in the first mold cavity (11) to form a first inner sleeve, and the second core (10), having 
a second inner sleeve positioned thereon, is.simultaneously positioned in the second mold cavity (12) for molding 
a second outer layer on the second inner sleeve. 

27. The method of claim 26, wherein the first molding step includes an initial no-action period while the second molding 
step proceeds in order to facilitate the transfer while the outer surface of the sleeve layer is at the elevated tem- 
perature. 

28. The method of claim 1, wherein the sleeve is molded of a first material selected from the group consisting of 
polyester, polyester with nucleating agents, acrylate, polyethylene naphthalate (PEN), polycarbonate, polypropyl- 
ene, polyamide, polysulfone, acrylonitrile styrene, and copolymers and blends thereof. 

29. The method of claim 28, wherein the outer layer includes a second material selected from the group consisting of 
homopolymers, copolymers, and blends of any one or more of: polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), and recycled PET. 

30., The method of claim 1, wherein the article (330) has a body portion (350) and the method further comprises 
expanding the body portion of the article to form an expanded article (370) having a substantially transparent and 
biaxially-oriented body portion (380). 

31. The method of claim 1 , wherein the method further comprises cooling the article (330) below a first glass transition 
temperature of a first material in the article, reheating the article above the first glass transition temperature, and 
expanding the reheated article to form an expanded article (370). 

32. The method of claim 31 , wherein the expanded article (370) has a high T g or crystallized upper neck finish portion 
(340) and a substantially transparent, biaxially-oriented body portion (380). 

33. An apparatus for making multi-layer injection-molded plastic articles comprising: 
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sleeve layer (20) and each second cavity being adapted to form an outer layer (22). the outer layer (22) havina 
a th.ckness greater than the thickness of the inner sleeve layer (20)- ' 9 

a transfer mechanism (2) with first and second core sets (9. 10) for successively positioning the first and 
second core sets in the first and second cavity sets- i**>™on.ng me nrst and 

7™T2 e r^l ^ f S l P0Sitfonab,e in the «V«y «t (1 1 ) for molding a set of inner sleeve layers 
(20) on the firs, core set. wh.le the second core set (1 0) is positional in the second cavity set (12) for molding 
over a prev.ous.y-mo.ded set of inner steeve .ayers on the second core set. a second set of outer layers (22)! 

TnTvl? f a,in9 ( ! 5> ** ^ S6t 50 35 10 maintain an outer surface of ,he ™er s.eeve layer (20) at 
an elevated temperature dunng transfer and molding of the outer layer (22) thereover, the elevated temperature 
be.ng selected to provide melt adhesion between the inner sleeve and outer layer. 6 e,evated temperature 

cav.ty d 2) and core (1 0) define a second wall thickness (t 2 ). and wherein a ratio of t 2 :t, is greater than on the order 

35. The apparatus of claim 33. wherein the transfer mechanism is a rotatable turret (2). 

36. The apparatus of claim 33, wherein the transfer mechanism is a reciprocating shuttle (206). 

37 ' malST 8 °' *?" 33> inC,Udin9 meanS f ° r iniUatin9 m0,din 9 of lhe outer >W « the second cavity set while 

zsz;:r zsszzsr* set in order ,o ^ — * - - — -™ 

38. The method of claim 1 comprising: 

o 

40. The method of claim 38. wherein the second materia, has a lower crystallization rate compared to the first materia. 

44. The method of claim 1, comprising: 

ZTZ^T' " *" M "* *° ~ second 
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45. The method of claim 1 , wherein the inner sleeve is made of a PEN polymer material and the elevated temperature 
is in range on the order of 60-1 20°C. 

46. The method of claim 45, wherein the first molding step has a cycle time on the order of no greater than 8 seconds. 

47. The method of claim 45, wherein the cycle time is in a range on the order of 4-8 seconds. 

48. The method of claim 45, wherein the first cavity temperature is in a range on the order of 40-1 20°C and the core 
temperature is in a range on the order of 5-80° C. 

49. The method of claim 48, wherein the first cavity temperature is in a range on the order of 75-95 °C and the core 
temperature is in a range on the order of 60-70°C. 

50. The method of claim 48, wherein the first cavity temperature is in a range on the order of 100-110°C and the core 
temperature is in a range on the order of 5-1 5°C. 

51. The method of claim 48, wherein the PEN polymer material has a melt temperature in a range on the order of 
275-295 °C and the elevated temperature is in a range on the order of 90>110°C. 

52. The method of claim 1, wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 
PET polymer material having a melt temperature in a range on the order of 260-275°C and the second molding 
step being carried out at a cavity pressure in a range on the order of 55 x 10 6 - 103 x 10 6 N/m 2 (8000-15,000 psi). 

53. The method of claim 1, wherein the inner sleeve is made of a polyester polymer material which is crystallized 
during the first molding step and the elevated temperature is in a range on the order of 80-1 40PC. 

54. The method of claim 53, wherein the first molding step has a cycle time on the order of no greater than 8 seconds. 

55. The method of claim 54, wherein the cycle time is in a range on the order of 5-8 seconds. 

56. The method of claim 53, wherein the first cavity temperature is in a range on the order of 80-1 50°C and the core 
temperature is in a range on the order of 5-60°C. 

57. The method of claim 56, wherein the first cavity temperature is in a range on the order of 110-120°C and the core 
temperature is in a range on the order of 5-1 5°C. 

58. The method of claim 53, wherein the polyester polymer material has a melt temperature in a range on the order 
of 280-290°C and the elevated temperature is in a range on the order of 115-125°C. 

59. The method of claim 53. wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 
PET polymer material having a melt temperature in a range on the order of 270-285°C and the second molding 
step being carried out at a cavity pressure in a range on the order of 55 x 10 6 - 103 x 10 6 N/m 2 (8000-15,000 psi). 

60. The method of claim 44, wherein: 

the inner sleeve is made of a PEN polymer material; 

during the second molding step the outer surface of the sleeve is at an elevated temperature in a range on 
the order of 1 00-1 1 0°C and the outer layer includes a first outer layer of a PET polymer material adjacent the 
inner sleeve, and wherein the PET polymer material has a melt temperature in a range on the order of 
260-275°C and the second molding step is carried out at a cavity pressure in a range on the order of 55 x 10 6 
- ,103 x 10 6 N/m 2 (8000-15,000 psi) to achieve melt adhesion between the inner sleeve and the outer layer 
during the second molding step. 

61. The method of claim 44, wherein: 

an inner sleeve is made of a PEN polymer material mold; 

during the second molding step the outer surface of the sleeve is at an elevated temperature in a range on 
the order of 90-1 00°C and the outer layer includes a first outer layer of a PET polymer material adjacent the 
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SS^*" ^ Wherel " PET mmBt materia ' haS a me,t tem P^ature in a range on the order of 

10 - 103x 106N/m2(800()-15.000psi)toachi e vemeltadhes,onbetvveentheinnersleeveandtheouterlayer 
during the second molding step. y 

62. The method of claim 44, wherein: 

llep; and S ' eeVe " ^ po,ymer ma,erial which is crystallized on the core during the first molding 

toZTo^Wc'lTZ ,hC , T r SUrfa r ° f ^ S ' eeVe fe * a " eleVa,ed mature in a range on 
the order of 115-125 C. and the outer layer .ncludes a first outer layer of a PET polymer adjacent the inner 

enZeTe^nZT T ^ 3 tamp «*" h 3 ™9 e onTe order of 

io6 m, 2 ™ 9 P ,S Camed ° Ut 31 3 raVity pressure in the ra "9e on the order of 55 x 10» - 103 x 

^ J^^l!E^^^ 61 ^ 62 ' ^ *~ haS •» a — on me 

67. The method of claim 44. wherein the first molding step has a cycle time on the order of no greater than 8 seconds. 

68. The method of claim 44. wherein the cycle time is in a range on the order of 4-8 seconds. 

69 - ^xtT^:^^r^ ete in a ran9e ° n ihe — °< — - - « 

12 ' vloSc^t irn , 66 ', W , herein the PEN *>*™< material has a melt temperature in a range on the order of 
275-295 C and the elevated temperature is in a range on the order of 90-110X. 

73 ' PET^ ° f C ?' m f I' Wherei " 1,16 ° U,er ' ayer includes a PET materia, adjacent the inner sleeve the 

75. The memc o. de.m 74. „„*.,„, he M mo,*, e.e P tes , ^ ,,„«, „„ m . „„„ „ „ g,.^ , han 8 seconds 
78. The methoo of claim 7a. „»e,ein ihe cycle lime la li> e rang. oo ,h. oroer of !M seconos. 
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78. The method of claim 77, wherein the first cavity temperature is in a range on the order of 110-120°C and the core 
temperature is in a range on the order of 5-1 5°C. 

79. The method of claim 74, wherein the polyester polymer material has a melt temperature in a range on the order 
of 280-290°C and the elevated temperature is in a range on the order of 115-125°C. 

80. The method of claim 74, wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 
PET polymer material having a melt temperature in a range on the order of 270-285°C and the second molding 
step being carried out at a cavity pressure in a range on the order of 55 x 1 0 6 - 1 03 x 1 0 6 N/m 2 (8000-1 5,000 psi). 

Patentanspruche 

1 . Verfahren zum Reduzieren der Innenschichtdicke und zum Verbessern der Schichthaftung in einem vielschichtigen 
spritzgeformten Kunststoffartikel, 

wobei das Verfahren umfaBt: 

erstens Formen einer Innenhulsenschicht (20) zwischen einem ersten Formhohlraum (11) und einem Kern 
(9), wobei der erste Formhohlraum erhitzt wird, damit eine AuBenflache der Innenhulsenschicht auf einer 
angehobenen Temperatur gehalten wird; _ 

Ubergeben des Kernes (9) und der Hulsenschicht (20) an einen zweiten Formhohlraum (12) und zweitens 
Formen einer AuBenschicht (22) uber der Hulsenschicht, wahrend die AuBenflache die angehobene Tempe- 
ratur hat, wobei die AuBenschicht (22) eine Dicke hat, die groBer ist als die Dikke der Innenhulsenschicht (20), 
wobei die angehobene Temperatur so ausgewahlt ist, daB eine Schmelzhaftung zwischen der InnenhOlse (20) 
und der AuBenschicht (22) wahrend des zweiten Formungsschrittes erreicht wird. 

2. Verfahren nach Anspruch 1 . wobei die Schmelzhaftung zwischen der InnenhOlse (20) und der AuBenschicht (22) 
eine Diffusions-Kontaktherstellung beinhaltet. 

3. Verfahren nach Anspruch 1 , wobei die Schmelzhaftung zwischen der InnenhOlse (20) und der AuBenschicht (22) 
eine Kettenverknupfung umfaBt. 

4. Verfahren nach Anspruch 1 , wobei die Hulse einen oberen Hulsenabschnitt (250, 340, 1 90) des Artikels bildet und 
die AuBenschicht einen unteren Korperabschnitt (260, 350, 180) des Artikels. 

5. Verfahren nach Anspruch 4, wobei ein unteres Ende des oberen Hulsenabschnittes und ein oberes Ende des 
unteren Korperabschnittes in einem Zwischenabschnitt des Artikels miteinander verbunden sind. 

6. Verfahren nach Anspruch 1 , wobei der erste Formungsschritt die InnenhOlse (1 20, 1 70) als eine Innenschieht (121, 
171) mit voller Lange und obere Oberflache (122, 172) des Artikels formt. 

7. Verfahren nach Anspruch 1, wobei der erste Formungsschritt die InnenhOlse (250) als einen oberen Langenab- 
schnitt des Artikels und eine obere Oberflache des Artikels formt 

8. Verfahren nach Anspruch 1, wobei die AuBenschicht (260, 350) mehrere AuBenschichten umfaBt. 

9. Verfahren nach Anspruch 1 , wobei der Artikel ein Vorformling (30, 330, 1 30, 1 60, 1 80) ist. 

10. Verfahren nach Anspruch 9, wobei der erste Formungsschritt einen Halsabschnitt (250, 340, 1 90) des Vorformlinqs 
formt. 

11. Verfahren nach Anspruch 10, wobei der Halsabschnitt aus einem Polymer geformt ist, das wahrend des ersten 
Formungsschrittes kristallisiert. 

12. Verfahren nach Anspruch 10, wobei der Halsabschnitt aus einem ersten Polymermaterial geformt wird, das einen 
hoheren Einfrierpunkt hat als ein zweites Polymermaterial, das die AuBenschicht formt. 

13. Verfahren nach Anspruch 1, wobei die Hulse ein Gewicht in einem Bereich in der GroBenordnung von 10-20% 
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des Gesamtgewichtes des Artikels hat. 



16. Verfahren nach Anspnjch 1, wobei die Innenhulse aus einem ersten Material mit einer ersten Schmelztemperatur 

£Z m T e " h0l f 6ine ZW6i,e SchicM " eben der ,nne " h0be «»*« ™« aus einem ^Hen Catena 
geformt ,st. das e.ne zwerte Schmeiztemperatur hat, die niedriger 1st ais die erste Schmelztemperatur 

Formhohlraum (12) e.ne zweite Hohlraum.emperatur, die niedriger ist a.s die erste HohLmternperlr 
18 ' te^Z^ ' ? ' "** ** ^ *" Kemtem P erat " "at, die niedriger ist ate die erste Hohlraunv 

19 ' unfdfe^rhlt ? nSPmCh - WObGi ' nnenh0,Se aUS 6inem ersten Malerial m » einem ersten T n geformt wird 
und d,e erhohte Temperatur ,n e.nem Bereich in der GroBenordnung von 5 - 20° Ounlerhalb des Sff^jj 
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30. Verfahren nach Anspruch 1 , wobei der Artikel (330) einen Korperabschnitt (350) hat und das Verfahren weiterhin 
ein Ausdehnen des Korperabschnittes des Artikels umfaftt, urn einen ausgedehnten Artikel (270) mit einem im 
wesentlichen transparenten und biaxial orientierten Korperabschnitt (380) zu formen. 

31 . Verfahren nach Anspruch 1 , wobei das Verfahren weiterhin ein Abkuhlen des Artikels (330) unterhalb eines ersten 
Einfrierpunktes eines ersten Materials im Artikel umfaBt, ein Wiedererhitzen des Artikels uber den ersten Einfrier- 
punkt und ein Ausdehnen des erhitzten Artikels. um einen ausgedehnten Artikel (270) zu formen. 

32. Verfahren nach Anspruch 31, wobei der ausgedehnte Artikel (370) ein hohes T g oder einen kristallisierten oberen 
Halsabschnitt (340) und einen im wesentlichen transparenten, biaxial orientierten Korperabschnitt (380) hat. 

33. Vorrichtung zum Herstellen eines vielschichtigen spritzgeformten Kunststoff artikels, umfassend: 

einen ersten Formhohlraum-Satz (11) und einen zweiten Formhohlraum-Satz (12), wobei der erste Formhohl- 
raum angepa&t ist, um eine Innenhulsenschicht (20) zu formen, und der zweite Formhohlraum angepa&t ist, 
um eine AuRenschicht (22) zu formen, wobei die Au&enschicht (22) eine Dicke hat, die grolier ist als die Dicke 
der Innenhulsenschicht (20); 

einen Obergabemechanismus (2) mit ersten und zweiten Kern-Satzen (9, 10) zum aufeinanderfolgenden An- 

ordnen der ersten und zweiten Kern-Satze in den ersten und zweiten Hohlraum-Satzen; 

wobei der erste Kern-Satz (9) im ersten Hohlraum-Satz (11) zum Formen eines Sajzes von Innenhulsenschich- 

ten (20) auf dem ersten Kern-Satz angeordnet werden kann, wahrend der zweite Kern-Satz (10) im zweiten 

Hohlraum-Satz (12) zurri Formen eines zweiten Satzes von Aulienschichten (22) uber einen vorher geformten 

Satz von Innenhulsenschichten auf dem zweiten Kern-Satz angeordnet werden kann; und 

eine Einrichtung zum Erhitzen des ersten Hohlraum-Satzes, um eine Aulienflache der Innenhulsenschicht 

(20) auf einer angehobenen Temperatur wahrend der Ubergabe und dem Formen der Au&enschicht (22) dar- 

uber zu halten, wobei die angehobene Temperatur so gewahlt ist, um Schmelzhaftung zwischen der Innen- 

schicht und der Au&enschicht zu erzielen. 

34. Vorrichtung nach Anspruch 33, wobei der erste Formhohlraum (11) und Kern (9) eine erste Wanddicke (t,) und 
der zweite Hohlraum (12) und Kern (10) eine zweite Wanddicke (t 2 ) definieren und wobei ein Verhaltnis von t 2 : tj 
grower ist als in der GroRenordnung von 4:1. 

35. Vorrichtung nach Anspruch 33, wobei der Obergabemechanismus ein drehbarer Revolver (2) ist. 

36. Vorrichtung nach Anspruch 33, wobei der Obergabemechanismus ein sich hin- und herbewegender Wagen (206) 
ist. 

37. Vorrichtung nach Anspruch 33, umfassend eine Einrichtung, mit der das Formen der Aulienschichten im zweiten 
Hohlraum-Satz in Gang gesetzt wird, wahrend im ersten Hohlraum-Satz eine Ruheperiode aufrechterhalten wird, 
um die Obergabe zu ermoglichen, wahrend die AuRenflache der Hulsenscbicht die angehobene Temperatur hat. 

38. Verfahren nach Anspruch 1, umfassend: 

Spritzformen eines ersten thermoplastischen Materials, um einen ersten Vorformlingsabschnitt (340) mit einer 
Innenhulsenschicht (20) zu formen, die eine durchschnittliche prozentuale Kristallinitat von mindestens unge- 
fahr 30% hat; und 

Spritzformen eines zweiten thermoplastischen Materials, um einen zweiten Vorformlingsabschnitt (350) mit 
einer AuRenhulse (22) zu formen, die im wesentlichen amorph bleibt. 

39. Verfahren nach Anspruch 38, wobei der erste Abschnitt im wesentlichen ein Halsabschnitt (340) ist und der zweite 
Abschnitt im wesentlichen ein korperbildender Abschnitt (350). 

40. Verfahren nach Anspruch 38, wobei das zweite Material eine niedrigere Kristallisationsrate hat als das erste Ma- 
terial. 

41 . Verfahren nach Anspruch 40, wobei das erste Material aus der Gruppe ausgewahlt ist, die aus Polyester, Polyester 
mit Keimbildern, Acrylatpolymeren, Polyethylennaphthalat(PEN), Polycarbonat, Polypropylen, Polyamid, Pofysul- 
fon, Acrylonitrilstyren und Copolymere und Mischungen davon besteht 
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44. Verfahren nach Anspruch 1, umfassend* 

C ha, „„d d« ,»KI2,7, S T"' 7 " a*-"*"""- .on 260 . 275- 
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57. Verfahren nach Anspruch 56, wobei die erste Hohlraumtemperatur in einem Bereich in der GroBenordnung von 
110 - 120° C liegt und die Kerntemperatur in einem Bereich in der GroBenordnung 5 - 15° C. 

58. Verfahren nach Anspruch 53, wobei das Poly ester-Polymer-Material eine Schmelztemperatur in einem Bereich in 
der GroBenordnung von 280 - 290° C hat und die angehobene Temperatur in einem Bereich in der GroBenordnung 
von 115-125° C liegt. 

59. Verfahren nach Anspruch 53, wobei die AuBenschicht ein PET-Polymer-Material neben der Innenhulse umfaBt, 
wobei das PET-Polymer-Material eine Schmelztemperatur in einem Bereich in der Grofienordnung von 270-285°C 
hat und der zweite Formungsschritt bei einem Hohlraumdruck in einem Bereich in der GroBenordnung von 55 x 
10 6 bis 103 x 10 6 N/m 2 (8000- 15000 psi) ausgefuhrt wird. 

60. Verfahren nach Anspruch 44, wobei: 

die Innenhulse aus einem PEN-Polymer-Material hergestellt wird; 

wahrend des zweiten Formungsschrittes die AuBenflache der Hulse eine angehobene Temperatur in einem 
Bereich in der GroBenordnung von 100-110° C hat und die AuBenschicht eine erste AuBenschicht aus einem 
PET-Polymer-Material neben der Innenhulse umfaBt, und wobei das PET-Polymer-Material eine Schmelztem- 
peratur in einem Bereich in der GroBenordnung von 260 - 275°C hat und der zweite Formungsschritt bei einem 
Hohlraumdruck in einem Bereich in der GroBenordnung von 55 x 10 6 bis 103 x 10 6 N/m 2 (8000- 15000 psi) 
ausgefuhrt wird, urn eine Schmelzhaftung zwischen der Innenhulse und der AuBenschicht wahrend des zwei- 
ten Formungsschrittes zu erzieien. 

61. Verfahren nach Anspruch 44. wobei: 

eine Innenhulse aus einem PEN-Polyrner-Materialgeformt ist; 

wahrend des zweiten Formungsschrittes die AuBenflache der Hulse eine angehobene Temperatur in einem 
Bereich in der GroBenordnung von 90-100° C hat und die AuBenschicht eine erste AuBenschicht aus einem 
PET-Polymer-Material neben der Innenhulse umfaBt, und wobei das PET-Polymer-Material eine Schmelztem- 
peratur in einem Bereich in der GroBenordnung von 260 - 275° C hat und der zweite Formungsschritt bei einem 
Hohlraumdruck in einem Bereich in der GroBenordnung von 55 x 10 6 bis 103 x 10 6 N/m 2 (8000 - 15000 psi) 
ausgefuhrt wird, urn eine Schmelzhaftung zwischen der Innenhulse und der AuBenschicht wahrend des zwei- 
ten Formungsschrittes zu erzielen. 

62. Verfahren nach Anspruch 44, wobei: 

die Innenhulse aus einem Polyester-Polymer-Material hergestellt ist, das auf dem Kern wahrend des ersten 
Formungsschrittes kristallisiert ist; und 

wahrend des-zweiten Formungsschrittes die AuBenflache der Hulse eine angehobene Temperatur in einem 
Bereich in der GroBenordnung von 115-125° C hat und die AuBenschicht eine erste AuBenschicht aus einem 
PET-Polymer-Material neben der Innenhulse hat und wobei das PET-Polymer-Material eine Schmelztempe- 
ratur in einem Bereich in der GroBenordnung von 270 - 285°C hat und der zweite Formungsschritt bei einem 
Hohlraumdruck in einem Bereich in der GroBenordnung von 55 x 10* bis 103 x 10 6 N/m 2 (8000-15000 psi) 
ausgefuhrt wird, urn eine Schmelzhaftung zwischen der Innenhulse und der AuBenschicht wahrend des zwei- 
ten Formungsschrittes zu erzielen. 

63. Verfahren nach einem der Anspruche 44, 60, 61 und 62, wobei die Hulse ein Gewicht in einem Bereich in der 
GroBenordnung von 10 - 20% des Gesamtgewichtes des Artikels hat. 

64. Verfahren nach einem der Anspruche 44, 60, 61 und 62, wobei die Hulse eine Wanddicke in einem Bereich in der 
GroBenordnung von 0,5 -1,5 mm (0,02-0,06 inch) hat. 

65. Verfahren nach einem der Anspruche 44, 60, 61, 62 und 64, wobei die AuBenschicht eine Wanddicke in einem 
Bereich in der GroBenordnung von 2,50-6,35 mm (0,10 - 0,25 inch) hat. 

66. Verfahren nach Anspruch 44, wobei die Innenhulse aus einem PEN-Polymer-Material hergestellt ist und die an- 
gehobene Temperatur in einem Bereich in der GroBenordnung von 60 - 120° C liegt. 
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. ^Tit^. 44 ' ^ erS,e F °™^ ri « - ^uer in der Gr6Benordnung von nich, 
68. Verfahren nach Anspruch 44, wobei die Zyklusdauer in einem Bereich in der GroBenordnung von 4 - 8 Sekunden 

69 - T^TZ^STkV^T'' ? erete H ° h 'r mtemPeralUr ^ der GroBenordnung von 

itu Ol.egtund die Kerntemperatur in e.nem Bereich in der GroBenordnung von 5-8° C. 

7 °" ^95"cSu^Stlr bel f fe CrSte Hoh,raum,e -P era ^ * -nem Bereich in der GroBenordnung von 
/O 95 C l»egt und die Kerntemperatur in e.nem Bereich in der GrSBenordnung von 60 - 70° C. 

71 ' ?oo rfa 'To" £25322^ di : erste Hoh,r r temperatur in einem Berefch * ^ ™ 

1U ol,e 9 tundd,e Kerntemperatur in e.nem Bereich in der GroBenordnung von 5- 15= c. 
r hat ■ ,„h h~ 'Tf Matenal eine Schmelztemperatur in einem Bereich in der Gr6Benordnuna von 270 



Revendications 



transferer ,e noyau (9, e« ,a couche de manchon (1) vers une seconde cavite de mou.e (12) e. deuxiememen, 
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mouler une couche exterieure (22) sur la couche de manchon alors que la surface exterieure est a la tempe- 
rature elevee, la couche exterieure (22) ayant une epaisseur plus grande que I'epaisseur de la couche de 
manchon interieur (20), la temperature elevee etant selectionnee pour fournir une adherence par fusion entre 
le manchon interieur (20) et la couche exterieure (22) pendant la seconde 6tape de moulage. 

2. Procede selon la revendication 1, dans lequel I'adherence par fusion entre le manchon interieur (20) et la couche 
exterieure (22) comporte une fixation par diffusion. 

3. Proced§ selon la revendication 1, dans lequel I'adherence par fusion entre le manchon interieur (20) et la couche 
exterieure (22) comporte un enchevetrement de chaine. 

4. Procede selon la revendication 1, dans lequel le manchon forme une partie de manchon superieure (250, 340, 
190) de Tarticle, et la couche exterieure forme une partie de corps inferieure (260, 350, 180) de I'article. 

5. Procede selon la revendication 4, dans lequel une extremite inferieure de la partie de manchon superieure et une 
extremite superieure de la partie de corps inferieure sont reliees dans une partie interntediaire de Particle. 

6. Procede selon la revendication 1, dans lequel la premiere §tape de moulage forme le manchon interieur (120, 
170) sous la forme d'une couche interjeure sur toute la longueur (121, 171) et d'une surface superieure (122, 172) 
de Tarticle. 

7. Procede selon la revendication 1, dans lequel la premiere etape de moulage forme le manchon interieur (250) 
sous la forme d'une partie de longueur superieure de Tarticle et d'une surface superieure de I'article. 

8. Procede selon la revendication 1 , dans lequel la couche exterieure (260, 350) est constitute de multiples couches 
exterieures. 

9. Procede selon la revendication 1, dans lequel Particle est une preforme (30, 330, 130, 160, 180). 

10. Procede selon la revendication 9, dans lequel la premiere etape de moulage forme une partie finie formant col 
(250, 340, 1 90) de la preforme. 

11. Procede selon la revendication 10, dans lequel la partie finie formant col est moulee a partir d'un polymere qui 
cristallise pendant la premiere etape de moulage. 

12. Procede selon la revendication 10, dans lequel la partie finie formant col est moulee a partir d'un premier polymere 
ayant une temperature de transition vitreuse plus elevee qu'un second polymere qui forme la couche exterieure. 

13. Procede selon la revendication 1, dans lequel le manchon a un poids situ§ dans une plage allant de 10 a 20 
pourcent du point total de I'article. 

14. Procede selon la revendication 1, dans lequel le manchon a une epaisseur de paroi situee dans la plage allant de 
0,5 a 1,5 mm (0,02 a 0,06 pouce). 

15. Procede selon la revendication 14, dans lequel la couche exterieure a une epaisseur de paroi situee dans la plage 
allant de 2,50 a 6,35 mm (0,1 0 a 0,25 pouce). 

16. Procede selon la revendication 1, dans lequel le manchon interieur est forme d'un premier materiau ayant une 
premiere temperature de fusion, et la couche exterieure comporte une seconde couche adjacente au manchon 
interieur et constitute d'un second materiau ayant une seconde temperature de fusion inferieure a la premiere 
temperature de fusion. 

17. Procede selon la revendication 1, dans lequel la premiere cavite de moule (11) est a une premiere temperature 
de cavite et la seconde cavite de moule (12) est a une seconde temperature de cavite plus basse que la premiere 
temperature de cavite. 

18. Procede selon la revendication 17, dans lequel le noyau (9) est a une temperature de noyau qui est plus petite 
que la premiere temperature de cavite. 
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19. Proc6de selon la revendicalion 1, dans lequel le manchon interieur est forme d'un premier materiau ayant une 
premiere T g et la temperature elevee est dans une plage allant de 5 a 20°C en dessous de la premiere T g . 

20. Procede selon la revendicalion 1, dans lequel le manchon est moule a partir d'un premier materiau selectionne 
parmi le groupe constitue cfhomopolymeres, copolymeres, et de melanges de polyethylene naphtalate (PEN). 



21. 



Procede selon rune quelconque des revendications 1 et 20, dans lequel la couche exterieure comporte au moins 
une couche moulee a partir d'un second materiau selectionne parmi le groupe constitue de polyethylene tereph- 
talate (PET), d'un materiau d'epuration de I'oxygene, de PET recycle, de polyethylene, de polypropylene de po- 
lyacrylate, de polycarbonate, de polyacrylonitrile, de Nylon, et de copolymeres et de melanges de ceux-c'i. 

22. Procede selon la revendicalion 1. dans lequel I'article a une partie de paroi laterale dans laquelle le manchon 
inteneur a une premiere epaisseur (t,) et la couche exterieure a une seconde epaisseur (t 2 ), et le rapport tyt, est 
plus grand que 4:1. " y 21 

23. Procede selon la revendicalion 1 , dans lequel I'article a une premiere epaisseur (t,) et la couche exterieure a une 
seconde epaisseur (t 2 ). et le rapport t 2 :t, est de I'ordre de 1 ,2:1 a 8:1 . 

24. Procede selon la revendicalion 1 , dans lequel le manchon interieur (340) est pratiquement cristallise et la couche 
exterieure (360) est pratiquement amorphe. 

25. Procede selon la revendicalion 1 , dans lequel le manchon interieur est constitue d'un premier materiau et la couche 
exteneure est constitute d'un second materiau. et le second materiau a un taux de cristallisation inferieur par 

. comparaison au premier materiau. 



26. 



Procede selon la revendicalion 1 , dans lequel des premier et second noyaux (9, 1 0) sont fournis. et dans lequel 
pendant un premier cycle le premier noyau (9) est positionne dans une premiere cavite de moule (11) pour former 
un premier manchon interieur, et le second noyau (10) ayant un second manchon interieur positionne sur celui- 
ci, est positionne s.multanement dans la seconde cavite de moule (12) pour mouler une seconde couche exterieure 
sur le second manchon int6rieur. 

27. Procede selon la revendicalion 26. dans lequel la premiere etape de moulage comporte une periode initiate sans 
action lorsque la seconde etape de moulage est faite pour faciliter le transfer! alors que la surface exterieure de 
la couche de manchon est a une temperature elevee. 

28. Procede selon la revendicaUon 1. dans lequel le manchon est moule d'un premier materiau selectionne parmi le 

SSFiZTT ? V ! S terS> de PO ' yeSterS ayant d6S aQen,S de nucl6ati °* «*«Vtoe. de polyethylene naph- 
rnnl ^ t f 0 ^^' Polypropylene, de polyamide. de polysulfone, de styrene-acrylonitrile. et de 
copolymeres et de melanges de ceux-ci. 

29 ' TZf ?l Se '° n ' a reV " ndic ^ ion 28 ' dans lec l uel la cou «=he interieure comporte un second materiau selectionne 
parmi le groupe conshtue d'homopolymeres. de copolymeres. et de melanges d'un ou plusieurs parmi : polyethy- 
lene terephtalate (PET), polyethylene naphtalate (PEN), et PET recycle. P°>yeiny 

30. Procede selon la revendicalion 1. dans lequel ('article (330) a une partie de corps (350) et le procede comporte 
en outre I expans,on de la partie de corps de ('article pour former un article expanse (70) ayant une partie de corps 
sensiblement transparente et orientee biaxialement (380). 

31. Procede selon la revendicalion 1. dans lequel le procede comporte en outre le refroidissement de I'article (330) 

en dessous d une premiere temperature de transition vitreuse d'un premier materiau de rarticle. le rechauffage de 

article au-dessus de la premiere temperature de transition vitreuse. et ("expansion de rarticle rechauffe pour former 
un article expanse (370). 

32. Procede selon la revendicalion 31. dans lequel rarticle expanse (370) a une T g elevee ou une partie finie formant 
col supeneur cnstall.see (340) et une partie de corps sensiblement transparente. orientee biaxialement (380). 

33. Dispositif pour fabriquer des articles en mature plastique moules par injection, a plusieurs couches comportant : 
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un 



ensemble de premieres cavites de moule (11) et un ensemble de secondes cavites de moule (12), chaque 
premiere cavite etant adaptee pour former une couche de manchon inferieur (20) et chaque seconde cavite 
etant adaptee pour former une couche exterieure (22), la couche exterieure (22) ayant une epaisseur plus 
grande que I'epaisseur de la couche de manchon interieur (20). 

un mecanisme de transfert (2) ayant des ensembles de premiers et seconds noyaux (9, 10) pour positionner 
successrvement les ensembles de premiers et seconds noyaux dans les ensembles de premieres et secondes 
cavites, . 

dans lequel I'ensemble de premiers noyaux (9) peut etre positionne dans I'ensemble de premieres cavites 
(11) pour mouler un ensemble de couches de manchon. interieur (20) sur I'ensemble de premiers noyaux, 
alors que I'ensemble de seconds noyaux (10) peut etre positionne dans I'ensemble de secondes cavites (12) 
pour mouler sur un ensemble au prealable de couches de manchon interieur situe sur I'ensemble de seconds 
noyaux, un second ensemble de couches exterieures (22), et 

des moyens pour chauffer (1 5) I'ensemble de premieres cavites de maniere a maintenir la surface exterieure 
de la couche de manchon interieur (20) a une temperature elevee pendant le transfert et le moulage de la 
couche exterieure (22) sur celle-ci, la temperature elevee etant selectionnee pour fournir une adherence par 
fusion entre le manchon interieur et la couche exterieure. 

34. Dispositif selon la revendication 33, dans lequel la premiere cavite (11) et le noyau (9) definissent une premiere 
epaisseur de paroi (t^ et la seconde cavite (12) et le noyau (10) definissent une seconde epaisseur de paroi (U) 
et dans lequel le rapport t 2 :t 1 est plus grand que 4:1. 

35. Dispositif selon la revendication 33, dans lequel le mecanisme de transfert est une tourelle rotative (2). 

36. Dispositif selon la revendication 33, dans lequel le mecanisme de transfert est une navette se deplacant en va et 
vient (206). 

37. Dispositif selon la revendication 33, comportant des moyens pour declencher le moulage des couches exterieures 
dans I'ensemble de secondes cavites tout en maintenant une periode sans action dans I'ensemble de premieres 
cavites afin de faciliter le transfert alors que la surface exterieure de la couche de manchon est a la temperature 
elevee. 

38. Procede selon la revendication 1, comportant: 

le moulage par injection d'un premier materiau thermoplastique pour former une premiere partie de preforme 
(340) mcluant la couche de manchon interieur (20) ayant un pourcentage de cristallinite moyen d'au moins 
environ 30 %, et 

mouler par injection un second materiau thermoplastique pour former une seconde partie de preforme (350) 
mcluant le manchon exterieur (22) qui reste pratiquement amorphe. 

39. Procede selon la revendication 38, dans lequel la premiere partie est sensiblement une partie de col (340) et la 
seconde partie est sensiblement une partie de formation de corps (350). 

40. Procede selon la revendication 38, dans lequel le second materiau a un taux de cristallisation inferieur par com- 
paraison au premier materiau. 

41. Procede selon la revendication 40, dans lequel le premier materiau est selectiorine parmi le groupe constitue de 
polyester, de polyester ayant des agents de nucleation, de polymeres d'acrylate. de polyethylene naphtalate (PEN) 
de polycarbonate, de polypropylene, de polyamide, de polysulfone, de styrene-acrylonitrile, et de copolymers et 

. de melanges de ceux-ci. 

42. Procede selon la revendication 41, dans lequel le second materiau est selectionne parmi le groupe constitue 
d'homopolymeres, de copolymers et de melanges de Tun ou plusieurs parmi du polyethylene terephtalate (PET) 
du polyethylene naphtalate (PEN), et du PET recycle. 

43. Procede selon la revendication 4 1 , comportant de plus ^expansion de la seconde partie (350) pour former un corps 
sensiblement transparent et oriente biaxialement (380) d'un conteneur (370). 

44. Procede selon la revendication 1, comportant les etapes consistant a : 
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m .a I T , mteneUr (20) SUf U " "° yaU < 9) pOSitionne dans la V*™™ ^ite de moule 

(11 . la premiers etape de moulage comportant un etage de remplissage et un etage de mise en oresston 

du manchon mteneur a one temperature elevee pour une seconde etape de moulage 

^«7de Zm",^ ^ ' e n ° yaU (9> maiS — retard important vers ,a seconde 

nTotrZlT^V 3 eX,6rieUre (22) SW 16 manch0n (20 > situ * dans la cavite de moule 

(1 2) pour former I article moule par injection a plusieurs couches. 

45 * te r m C n ^ h ?r eto 1 13 reVe " dication 1 ' dans le <^' •« manchon interieur est constitue d'un polymere de PEN et la 
temperature elevee est dans la plage allant de 60 a 120°C. f~"ymere oe i^tN et la 

47. Procede selon la revendication 45. dans leque. le temps de cyc.e est dans la p.age a.lant de 4 a 8 secondes. 

48 ' ZwclTlZTT" 45 ' ' eqUe ' 13 temf>6ra,Ure de Premi6re ravjta esl la ptege allant de 40 
a 1 20 C et la temperature de noyau est dans la plage allant de 5 a 80°C environ. 

a 103 x 106 N/m2 (8 000 MS 00C JpsJ PreSS '° n de C3Vit6 da " S ' a P ' a 9 e a,lant de 55 * ™ 6 

55. !>*<*» , eto , ,a ,ev eMirato «. aaTO *,„., fe ,. mp8 „ cycte „ ^ ^ ^ „ 4 „ 

60. Procede selon la revendication 44. dans lequel : 



28 



EP 0 837 763 B1 



le manchon interieur est en polymere de PEN 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature elevee situee 
dans une plage allant de 90 a 100°C environ et la couche exterieure comporte une premiere couche exterieure 
de polymere de PET adjacente au manchon interieur, et dans lequel le polymere de PET a une temperature 
de fusion situee dans une plage allant de 260 a 275°C environ et la seconde etape de moulage est effectuee 
a une pression de cavite situee dans une plage allant de 55 x 10 6 a 103 x 10 6 N/m 2 (8 000 a 15 000 psi) 
pour obtenir une adherence par fusion entre le manchon interieur et la couche exterieure pendant la seconde 
etape de moulage. 

61. Procede selon la revendication 44, dans lequel : 

un manchon interieur est constitue de polymere de PEN moule 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature elevee situee 
dans une plage allant de 90 a 1 00°C environ et la couche exterieure comporte une premiere couche exterieure 
de polymere de PET adjacente au manchon interieur, et le polymere de PET a une temperature de fusion 
situee dans une plage allant de 260 a 275°C environ et la seconde etape de moulage est effectuee a une 
pression de cavite situee dans une plage allant de 55 x 1 0 6 a 1 0 3 x 1 0 6 N/m 2 (8 000 a 1 5 000 psi) pour aboutir 
a une adherence par fusion entre le manchon interieur et la couche ext6rieure pendant la seconde etape de 
moulage. 

62. Procede selon la revendication 44, dans lequel : 

le manchon interieur est constitue de polymere de polyester qui est cristallise sur le noyau pendant la premiere 
etape de moulage, et 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature elevee situee 
dans une plage allant de 1 1 5 a 1 25°C environ et la couche exterieure comporte une premiere couche exterieure 
de polymere de PET adjacente au manchon interieur, et le polymere de PET a une temperature de fusion 
situee dans une plage allant de 270 a 285°C environ et la seconde etape de moulage est effectuee a une 
pression de cavite situee dans une plage allant de 55 x 10 6 a 103 x 10 6 N/m 2 (8 000 a 15 000 psi) pour 
aboutir a une adherence par fusion entre le manchon interieur et la couche exterieure pendant la seconde 
etape de moulage. 

63. Procede selon Tune quelconque des revendications 44, 60, 61 et 62, dans lequel le manchon a un poids situe 
dans une plage allant de 10 a 20 pourcent environ du poids total de Particle. 

64. Procede selon I'une quelconque des revendications 44, 60, 61 et 62, dans lequel le manchon a une epaisseurde 
paroi situee dans une plage allant de 0,5 a 1 ,5 mm (0,02 a 0,06 pouce). 

65. Procede selon Tune quelconque des revendications 44, 60, 61, 62 et 64, dans lequel la couche exterieure a une 
epaisseur de paroi situee dans une plage allant de 2,50 a 6,35 mm (0,10 a 0,25 pouce). 

66. Procede selon la revendication 44, dans lequel le manchon interieur est constitue d'un polymere de PEN et la 
temperature elevee est dans une plage allant de 60 a 120°C environ. 

67. Procede selon la revendication 44, dans lequel la premiere etape de moulage a un temps de cycle qui n'est pas 
plus grand qu'environ 8 secondes. 

68. Procede selon la revendication 44, dans lequel le temps de cycle est dans une plage allant de 4 a 8 secondes 
environ. 

69. Procede selon la revendication 44, dans lequel la temperature de premiere cavite est dans une plage allant de 40 
a 120°C environ et la temperature de noyau est dans une plage allant de 5 a 80°C environ. 

70. Procede selon la revendication 69, dans lequel la temperature de premiere cavite est dans une plage allant de 75 
a 95°C environ et la temperature de noyau est dans une plage allant de 60 a 70°C environ. 

71. Procede selon la revendication 69, dans lequel la temperature de premiere cavite est dans une plage allant de 
100 a 110°C environ et la temp6rature de noyau est dans une plage allant de 5 a 15°C environ. 
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72 ' SSS^-S^ISS?" 66, da ?! Iequel - ,e polymere de PEN a une tempara,ure de fusion si,uee dans ■» 

Plage aliant de 275 a 295°C env.ron et la temperature elevee est dans une plage allant de 90 a 110°C environ. 
73 Precede selon la revendication 66. dans Iequel la couche in.erieure est en polymere de PET. adjacenteaumanchon 

74 " rsTSSrl 8 iCati °" 44 ' d3nS ' eqUe ' ' e manCh0n in,6rieur est cons,i,ue d ' u " Po^^ ^ polyester qui 
^Tnliron Prem ' ere ^ * m ° U ' a9e *' ' 3 ,em P. erature 6leve * - dans la piage aLt de 80 a 

7 \ p .;^ 

76 ' Tnviroa Se '° n " reVendicati ° n 74 ' dans ,et ' ue, ,e lemDS d ° •** est dans une p,age allant de 5 a 8 secondes 

enlTon^ diratfo ': 74, ? nS ' eqUel 13 tem P era,ure da !"»*• cavite est dans une plage allant de 80 
a 150 C envtron et la temperature de noyau est dans une plage allant de 5 a 60°C. 

78 " rr^tnon 0 " ' a revendication 77 ■ dans le °- uel * temperature de premiere cavite est dans une plage allant de 
110 a 120°C env,ron e. la temperature de noyau est dans une plage a.lant de 5 a 15°C environ 

79 ' J^^dSEJSS 74, danS n q r' 16 ?° lym6re de 3 " ne ,em ^ ature de situee dans 

une plage allant de 280 a 290°C enwon et la temperature elevee est dans une plage allant de 11 5 a 125°C environ. 

8 °' ™„ C ^„V e £ n ' a re , vend : cation 74 ' dans '«•«»' 'a couche exterieure comporte un polymere de PET adjacent au 
SSlTT' ^ 6 ^ PET ayanl Une «""P**»» d e ^ion situee dans une piag 'atenJde 270 i 
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Fig. 2 A 




Fig. 2B 
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